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Abstract 
 
Material Flow Accounting (MFA) is a resource accounting tool based on the concept of social 
metabolism. This national MFA Cuba investigates the overall structure and dynamics of the 
Cuban physical economy and its material flows (domestic extraction, imports and exports) 
between 1970 and 2003 in four main material categories (biomass, non-metallic minerals, 
metal ores and fossil fuels). The derived material flow indicators domestic extraction (DE), 
domestic material consumption (DMC), material intensity (MI), physical trade balance (PTB) 
and their material composition are examined. Further, the interrelationship of material use 
with economic growth and human development in Cuba between 1970 and 2003 is evaluated. 
Special attention is given to the structure of its energy system and the disaggregated material 
flows nickel and sugar cane.  
Three phases are observed in the development of the physical economy in socio-economic 
and environmental terms, reflected in most economic and MFA-derived indicators: a period 
of growth (1970-1989), collapse (1989) and recovery (1990-2003). The structure of the Cuban 
physical economy is little diversified, specialized in the extraction and export of few raw 
materials, mainly sugar cane and nickel. Domestic extraction comprises mainly biomass 
(70%) and minerals (20%). Biomass accounts for 25% of the physical imports and 60%-90% 
of the physical exports between 1970 and 2003. The domestic primary energy supply is based 
on fossil fuel imports, mainly crude oil and oil products, comprising 70% of all physical 
imports. From a global perspective the ecological footprint and per capita energy 
consumption is relatively low.  
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Kurzbeschreibung 
 
Die Materialflussanalyse (MFA) ist ein Ressourcenaggregations-Instrument, welches auf dem 
Prinzip des sozialen Metabolismus basiert. Diese nationale MFA-Studie untersucht die 
Struktur und Entwicklung der physischen Ökonomie und der Materialflüsse - natürliche 
Entnahme, Importe und Exporte - in Kuba zwischen 1970 und 2003 in vier Materialgruppen 
(Biomasse, Mineralien, Erze und fossile Energieträger). Die MFA-Indikatoren 
Materialentnahme Domestic Extraction (DE), Materialverbrauch Domestic Material 
Consumption (DMC), Materialintensität Material Intensity (MI) und die physische 
Handelsbilanz Physical Trade Balance (PTB) sowie ihre materielle Zusammensetzung 
werden betrachtet. Weiters wird der Zusammenhang zwischen Materialverbrauch, 
Wirtschaftswachstum und menschlicher Entwicklung in Kuba, zwischen 1970 und 2003, 
untersucht. Besonderes Augenmerk gilt dem Aufbau des Energiesektors und der Entwicklung 
der disaggregierten Materialflüsse Zuckerrohr und Nickel. 
Hinsichtlich sozio-ökonomischer und ökologischer Parameter können drei Phasen in der 
Entwicklung der physischen Ökonomie unterschieden werden, welche sich auch in den 
meisten MFA-Indikatoren wiederfinden: eine Wachstumsperiode (1970-1989), 
Zusammenbruch (1989) und eine Erholungsphase (1990-2003). Die kubanische physische 
Ökonomie ist auf die Produktion einiger weniger Rohstoffe ausgerichtet, vor allem 
Zuckerrohr und Nickel. Die inländlische Materialentnahme (DE) umfasst hauptsächlich 
Biomasse (70%) und Mineralien (20%). Biomasse machte 25% der physischen Importe und 
60% bis 90% der physischen Exporte zwischen 1970 und 2003 aus. In diesem Zeitraum 
wurde der Primärenergieverbrauch hauptsächlich durch Fossilenergieimporte gedeckt, 
besonders Öl und Ölprodukte, welche rund 70% aller physischen Importe ausmachten. Kubas 
ökologischer Fußabdruck und Pro-Kopf Energieverbrauch sind im internationalen Vergleich 
verhältnismäßig niedrig. 
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Preface 
The small Caribbean island state Cuba, low-income nation and one of the last Socialist 
countries in the world, sets an example in ecological and social performance worldwide. 
According to a study published in Ecological Economics in 2008, the country meets both 
criteria for sustainable growth with an HDI greater than 0.8 and a footprint to bio-capacity 
ratio lower than 1 earth equivalent. Cuba is also leading in biotechnology, pharmaceutical 
industry, recycling, urban and organic farming, and biological pest control. Great attention is 
given to the investigation and integration of wastes and by-products generated in the sugar 
industry for renewable energy, feed and paper production. 
Cuba follows its individual path of development under the conditions of economic and 
political isolation. Nevertheless, it has simultaneously achieved high human development 
together with economic growth. Cuba is a unique example combining economic development 
along social and environmental parameters, which encouraged me to investigate more 
profoundly the structure of its physical economy, material flows and sustainability indicators.  
By using MFA, my aim was to allocate a resource management tool, providing comparable 
datasets and statistics for designing efficient resource management and improving economic 
performance regarding its material intensity. This national MFA is a contribution to further 
sustainable development in Cuba, to support and facilitate integrated economic planning and 
control resource consumption. I hope this study will serve to identify future needs and 
challenges that the Cuban economy has to face in a quickly changing global context.  
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1. Introduction 
In a global environment where societies have become conscious of the limits of growth, 
framed by a given capacity of our planet to provide the resources required for economic 
activities and to deal with waste and residues resulting from economic activities, new 
concepts and strategies are needed. This process suggests a sustainable use of our resources 
according to the Brundtland-definition in order to allow for further long-term growth and 
prosperity for present and future generations (WCED, 1987).  
 
The social metabolism approach allows to monitoring resource use in relation to economic 
growth and provides tools and indicators for measuring sustainability. Material flow 
accounting (MFA) contributes to effective resource management and can support 
environmentally sound policies and decision-making on a local, regional and national level 
(Bringezu et al., 1998). Due to a growing interest in the sustainable use of natural resources 
and resource efficiency in the past years, an increasing number of EU member states have 
integrated material flow accounting in their national statistical programs (Weisz et al., 2007). 
In the present study the concept of social metabolism was used in order to investigate the 
relationship of resource use and economic development and to provide new insights into the 
Cuban physical economy. Material flow accounting (MFA) offers a number of sustainability 
indicators, and consistent and comparable data for monitoring material use and associated 
environmental pressures. It allows for integrated environmental and economic accounting 
(Bringezu et al., 1998:8) and represents a useful complement to conventional national 
accounting systems. 
 
A national MFA on Cuba was selected, because this country 
• represents a relatively closed economic system that combines specific structural 
characteristics of a planned economy,  
• shows a particular economic development in a changing global context (collapse of 
the former USSR) under the conditions of economic and political isolation (Torricelli 
and HelmsBurtons Act), 
• employs alternative forms of resource use and energy production (e.g. use of sugar 
cane residues and by-products) and  
• shows an interesting constellation of a high HDI and a relatively small ecological 
footprint along with medium economic growth.  
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This national MFA for Cuba was composed at the IFF Vienna, Institute for Social Ecology in 
the course of a master thesis supervised by Ao. Univ. Prof. Dr. Fridolin Krausmann. In this 
analysis, the overall structure and development of the Cuban physical economy will be 
investigated. The material flows nickel and sugar cane, and its energy system as three 
important aspects of the Cuban physical economy will be assessed in detail. Further, I will 
investigate the inter-linkage of domestic extraction and material consumption with economic 
growth and human development in Cuba between 1970 and 2003.  
 
This economy-wide material flow account presents a quantitative estimate of material flows 
related to domestic extraction, import and export of raw materials in Cuba between 1970 and 
2003. The derived material flow indicators domestic extraction (DE), domestic material 
consumption (DMC), physical trade balance (PTB), and material intensity (MI) will be 
evaluated. Next, the interrelation of material use with human development and economic 
growth will be investigated. Three different kinds of indicators are used to link material flows 
with social and economic development. The HDI is used as a welfare indicator measuring 
human development, GDP is used as an income indicator measuring economic performance 
and material flow indicators are used as environmental indicators for measuring the natural 
impacts of socio-economic activities. In order to establish a connection between material use, 
economic performance and human development the derived material flow indicators domestic 
extraction (DE), domestic material consumption (DMC) and material intensity (t/USD) are 
compared to the development of the gross domestic product (GDP, PPP USD/cap) and the 
human development index (HDI). 
 
Section 5.3. provides a more detailed discussion of the flows of sugar cane, nickel and crude 
oil, which are key resources of the Cuban economy. Due to relatively high socio-economic 
importance and environmental pollution potential, the detailed material flows of sugar cane 
and nickel will be discussed against the economic-historical background from 1970 to 2003. 
Certain issues related to the extraction of these resources, e.g. land use, foreign direct 
investment and environmental contamination, will be addressed. The energy system of Cuba 
will be discussed regarding its dependency on oil imports and the increasing importance of 
domestic oil extraction. In the last part of this study MFA-derived indicators will be compared 
to the HDI and the ecological footprint, and discussed with the outcomes of a recent study on 
the global footprint and human development published by Moran et al. (2008) in Ecological 
Economics. 
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Concluding, I will summarize the most important driving factors for domestic extraction and 
domestic material consumption.  
2. The Concept of MFA  
The MFA concept is based on the principle of social metabolism and the first law of 
thermodynamics. Social metabolism is based on the idea that society, like an organism, uses 
and transforms material and energy in production and consumption processes, and interacts 
with its natural environment and other economies by exchanging material flows (export, 
import and domestic extraction of natural resources), emissions and wastes. In other words, 
economy-wide material flow accounting provides information on material entering and 
exiting a socio-economic system. It reveals the biophysical dimension of socio-economic 
activities by monitoring the overall material inputs into a national economy, the material 
accumulation within the economic system and the material outputs to other economies or to 
the environment (Weisz et al., 2006:3).  
 
Fig. 1: Scope of Economy-Wide Material Flow Accounts 
 
 
 
 
 
 
 
Source: Schandl et al. (2002) 
 
The MFA concept also follows the first law of thermodynamics based on the conservation of 
matter. It states that the total amount of energy and matter is constant; it can neither be created 
nor can it be destroyed, only transformed (Georgescu-Roegen, 1999). Therefore in the 
material balance the amount of total material input equals output plus net accumulation 
(Fig.1). Material accumulation or net additions to stock describes all man-made physical 
assets, e.g. buildings or infrastructure.  
 
The present MFA is a bulk flow analysis with focus on three material flows (imports, exports 
and domestic extraction). Physical data on these flows comes from both international and 
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national statistical sources. This national MFA Cuba was compiled according to the 
methodological standards described in Eurostat (2001), Schandl et al. (2002) and Weisz et al. 
(2007). It is important to note that MFA standards were designed to fit the needs of 
economies of Western industrialized countries. In order to respond to country-specific issues 
of a tropical economy and to low data availability, some methodological adaptations and 
estimations had to be made, specified in section 3. 
2.1. System Boundaries and Conventions 
MFA refers to balancing accounts of raw materials in physical units (1,000 m.t.). According 
to MFA conventions in this analysis those solid, gaseous and liquid materials are accounted 
for which  
 
• are measurable in metric tons, 
• are extracted from the natural environment of the national economy (domestic 
extraction), 
• are crossing the political (administrative) border of national territory (export/import),  
• are subject to further socio-economic use. 
 
In MFA, to account for material flows, system boundaries have to be drawn between socio-
economic systems and between socio-economic systems and their natural environment. 
Animal livestock, for instance, is considered as part of the socio-economic system according 
to MFA conceptions. Thus, all grazed biomass, market feed and crop residues fed to livestock 
is accounted for, whereas the production of secondary products like meat, milk, cheese and 
yogurt is considered an internal flow and is not accounted for as domestic extraction.  Live 
animals and animal products are only accounted for as imports and exports. 
  
Basically, this MFA follows the guidelines described in Weisz et al. (2007). Domestic 
extraction, imports and exports comprise raw materials, semi-manufactured and manufactured 
goods are not accounted for. Only direct flows are considered; indirect or hidden flows 
associated with DE or trade flows are not accounted for. Inputs of air and water are not 
accounted for as well as outputs of wastes and emissions. 
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At this point it should be said that MFA is a biophysical accounting tool that focuses on mass 
flows irrespective of their chemical properties and their contamination potential. Therefore 
this methodology delivers purely quantitative results and mass indicators. 
 
2.2.  MFA Derived Indicators 
This chapter provides a short overview of technical definitions of the most common material 
flow concepts and indicators used in this analysis. Aggregated economy-wide material flow 
indicators allow monitoring the material use of national economies in a comparable, 
transparent and comprehensive way. (Weisz et al., 2006:4) The use of two different 
denominators reveals different aspects of the physical economy. Population [t/cap/yr] and 
land area [t/ha] were chosen as denominators, because they pose a limiting factor to the use of 
natural resources.  
 
2.2.1.  Domestic Extraction (DE) 
The aggregate flow DE covers the annual amount of raw materials (biomass, non-metallic 
minerals, metal ores and fossil energy carriers) extracted from the national territory in order to 
be used as material inputs to economic processing. (Weisz et al., 2006) 
 
2.2.2. Imports 
Physical imports comprise all import commodities that enter a socio-economic system. Import 
data usually refers to the form and mass weight of a good, as it is at the moment it crosses the 
administrative border. Unlike domestic extraction, trade data also includes durable goods, 
finished and semi-finished manufactured goods made from metal ores, non-metallic minerals 
and fossil energy carriers.  
 
2.2.3. Exports 
Exports are classified in the same way as imports. Physical exports also comprise finished and 
semi-finished products, and are reported at the net weight of a good when it crosses the 
political border of a national territory.  
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2.2.4. Domestic Material Consumption (DMC) 
DMC = DE + Im - Ex 
Domestic Material Consumption equals domestic extraction plus imports minus exports. 
DMC measures the total amount of materials that is directly used in an economy; it reveals 
how much material actually remains on the territory of a country (Eurostat, 2001). In this 
sense the DMC also indicates the domestic waste potential (Weisz et al., 2006). It is important 
to note that the term consumption as used in material flow accounting means apparent 
consumption in terms of domestic material input minus exports, not final consumption (Weisz 
et al., 2007). 
 
 2.2.5. Physical Trade Balance (PTB) 
PTB = Imports – Exports 
Physical trade balance equals physical imports minus physical exports. The physical trade 
balance, thus, is defined reverse to the monetary trade balance (which is exports minus 
imports), taking into account the fact that in economies money and goods move in an opposite 
direction (Weisz et al., 2007:94). Physical trade surplus indicates net import of materials, 
whereas physical trade deficit indicates net export.  
 
 2.2.6. Domestic Material Input (DMI) 
DMI = DE + Imports  
DMI equals domestic extraction plus imports. Domestic material input measures all materials 
of economic value that enter an economy for further socio-economic use, either in production 
or in consumption processes (Eurostat 2001, Weisz et al., 2007). 
 
 2.2.7. National Resource Dependency  
The national resource dependency, also defined as DE/DMC ratio indicates the dependence of 
the physical economy on its domestic raw material supply (Weisz et al., 2007:95). In other 
words, the national resource dependency measures how much of the domestic material 
consumption could be covered by a country’s own resources.  
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 2.2.8. Material Intensity (MI) 
Material intensity (DMC/GDP) measures material productivity in tons of material 
consumption per USD earned [t/USD]. In other words, material intensity expresses the 
employment of resources per unit of economic output. Its inverse, defined as resource 
efficiency (GDP/DMC) measures economic output per unit of material consumption [USD/t]. 
 
3.  Methodology and Data Sources 
The empirical base of this material flow analysis for Cuba is a data set covering domestic 
extraction, imports and exports of materials in time series for the period 1970 to 2003.  
Material accounts are structured in standard tables comprising 43 material categories, 
aggregated to 23 sub-categories aggregated in four main material categories (biomass, non-
metallic minerals, metal ores and fossil energy carriers) on a 3-digit level (Fig. 2). Unless 
otherwise specified, data on foreign trade and the domestic extraction of biomass, 
construction and industrial minerals, fossil fuels and metal ores are based on data from the 
FAO, UN, USGS, IEA databases, several national statistical sources and international 
publications. Table 1 shows the most important data sources used in this analysis (Tab. 1). All 
data have been compiled according to the methodological standards described in Weisz et al. 
(2007). Additionally, Eurostat (2001) and Schandl et al. (2002) were used as methodological 
references. In this respect, the principal task was to create estimation models in order to 
respond to low data quality, and to develop methodological adaptations to meet the 
requirements of a tropical country. 
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Tab. 1: Overview of Most Important Data Sources 
Material Year Source 
Biomass 
1970-2003 UN Food and Agricultural Organization Database 
(FAO 2005 CD-ROM Version) 
on- Metallic 
Minerals 
1970-1989 
1990-2003 
UN Industrial Commodity Production Statistics Database 
United States Geological Survey Mineral Statistics 
Metal Ores 
1970-1989 
1990-2003 
UN Industrial Commodity Production Statistics Database 
United States Geological Survey Mineral Statistics 
Fossil Energy 
Carriers  
1970-2003 International Energy Statistics Database for Non-OECD  
Countries 
Trade Year Source 
Biomass 
1970-2003 UN Food and Agricultural Organization Database 
Fossil Energy 
Carriers 
1970-2003 International Energy Statistics Database 
for Non-OECD Countries 
Minerals & 
Metal Ores 
1970-2003 
2000-2002 
Anuario Estadistico de Cuba 1989, 1998, 2005  
UN Commodity Trade Statistics Database 
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Fig. 2: Structure of a Material Flow Account  
 
Source: Weisz et al. (2007) 
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3.1. Biomass 
Biomass is the most fundamental material flow. It is essential for securing the domestic food 
supply of the entire population, and for providing industrial raw materials and energy carriers, 
e.g. fibres, wood and chemical compounds (Weisz et. al., 2007). In the same time biomass 
production is highly dependent on natural and climatic conditions. The economic value of 
biomass ranges from very low (less than EUR 10 per ton, e.g. crop residues) to medium high 
(e.g. spices, stimulants and fish); the vast majority of biomass comprises raw materials with 
low economic value (EUR 10-100 per ton, e.g. cereals, roundwood). The extraction of 
biomass is related to considerable environmental pressures, e.g. deforestation, soil erosion, 
water pollution and biodiversity loss (Weisz et al., 2007). 
3.1.1. Data Sources 
Both, national and international agricultural statistics have been used. The FAO database 
reports the production of altogether 160 different sorts of crops worldwide in time series 
starting from 1961. Most biomass data for Cuba has been drawn from the FAOSTAT CD-
ROM edition published in 2005 (CD 1+2) also available online at 
www.fao.org/waicent/portal/statistics_en.asp. Data on fish catch comes from the FISHSTAT 
database, and data on the production of market feed comes from the FAO commodity balance 
sheets. In general, biomass data are accurate and consistent, and were cross-checked with the 
Handbook of Historical Statistics (1982) as well as with several official national statistics 
published in the Anuario Estadistico de Cuba (editions of 1989, 1998 and 2005). No serious 
deviations between national and international sources have been identified. Since there are no 
international data on used crop residues and grazed biomass available, these material flows 
need to be estimated. 
 
3.1.2. Method of Calculation 
3.1.2.1. Primary Crops 
Primary crops comprise all primary crop harvest originating from agricultural activity. The 
MFA balance distinguishes primary crops according to cereals, roots and tubers, pulses, nuts, 
fibres, fruit, vegetables, oil-bearing crops and other crops (Fig. 2). The production of most 
primary crops is accounted for in fresh weight at harvest time (15-95% moisture content), 
only hay, grazed biomass, crop residues and fodder crops are standardized in air dry weight 
(15% m.c.).  
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3.1.2.2. Crop Residues 
Crop residues represent a relatively large biomass flow. Some fraction of the crop residues 
produced is subject to further socio-economic use and therefore needs to be accounted for in 
the MFA. Crop residues such as straw and leaves are used for bedding, feed or construction, 
for energy production, or can simply be ploughed into the ground to fertilize the soil. In order 
to estimate the share of used crop residues of the total crop harvest production, a set of 
standardized indices is used (Tab. 2). 
 
Tab. 2: Crop Factors 
Commodity 
Share of Residues 
of Total Biomass 
Production** 
Share of Used 
Residues 
Share of 
Residues Used 
as Feed 
Moisture 
Content 
Maize 65% 90% 66% 15% 
Rice, Paddy 60% 90% 66% 15% 
Sorghum 65% 90% 66% 15% 
Bananas 20% 90% 66% 15% 
Beans, Dry 30% 50% 66% 15% 
Cassava 50% 75% 66% 15% 
Potatoes 50% 75% 66% 15% 
Sweet Potatoes 50% 75% 66% 15% 
Yams 50% 75% 66% 15% 
Yautia (Cocoyam) 50% 75% 66% 15% 
Sugar Cane 42%* 90% 66% 83% 
Source: Wirsenius (2000) 
*Valdes Delgado et al. (2001) 
** calculation based on the share of primary crops of the total biomass production. 
 
The fraction of available residues is based on the share of crops of the total primary crop 
harvest. It is assumed that available residues amount to 20% to 65% of the total primary crop 
harvest. The mass of available crop residues is calculated according to the following formula. 
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Available crop residues [t (as is weight)] = primary crop harvest [t (as is weight)]/ share of 
crops (%) * [1-share of crops (%)] 
Source: Weisz et al. (2007) 
 
The share of used residues of the available residues is required to estimate the amount of used 
crop residues. It varies across crops, countries and time. The share assumed for used crop 
residues in Cuba lies between 50% and 90%. The amount of used crop residues is calculated 
according to the following formula. 
 
Used crop-residues [t (as is weight)] = available crop-residues [t (as is weight)] * share of 
used residues (%) 
Source: Weisz et al. (2007) 
 
3.1.2.3. Grazed Biomass 
 
(a) Estimate based on Feed Demand and Feed Supply 
 
Because grazed biomass represents a relatively large flow, but is not reported in FAO 
agricultural statistics, a demand driven feed balance is used to identify the “grazing gap”. 
Grazed biomass constitutes the difference between the calculated feed demand and the supply 
of market feed, fodder crops and crop residues used as feed.  
 
Grazed Biomass=Feed Demand [t (DM at 15% m.c.)] - Market Feed [t (DM at 15% m.c.)] - 
Residues used as Feed [t (DM at 15% m.c.)] - Bagasse Used for Feed [t (DM at 50% m.c.)] 
Source: Weisz et al. (2007) 
 
There are no significant amounts of fodder crops produced in Cuba, instead sugar cane 
residues and by-products are commonly used for animal feed. The following approach 
assumes a tropical animal feeding system. It takes into account the use of bagasse for cattle 
feed.  
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3.1.2.3.1. Feed Demand  
Animal livestock is divided into grazers (horses, cattle, mules, asses, sheep and goats) and 
non-grazers (pigs and poultry). Data on livestock are used to quantify the feed demand and to 
estimate the amount of grazed biomass. Data on animal livestock and the production of 
secondary animal products (meat, egg and milk production) come from the FAO database 
which was compiled according to the following steps. A direct relationship is assumed 
between animal efficiency and feed requirement. The actual feed demand is calculated based 
on egg, meat and milk production, using specific regional efficiency and intake factors for 
accounting the annual intake of market feed and grazed biomass. All factors are based on 
Wirsenius (2000) and Krausmann et al. (2008b). 
Cattle Feed Demand 
The feed demand of cattle was calculated as linear function based on milk yield (A) and 
carcass weight (B), using specific daily intake factors.  
 
Feed Demand A [kg DM/head and day] = 0.00155*milk yield + 4.8375 
Feed Demand B [kg DM/head and day] = 0.036361*carcass weight + 1.702006 
Source: Calculation based on Wirsenius (2000), Krausmann et al. (2008b)  
 
The average of feed demand A and feed demand B was calculated. Finally, the daily cattle 
feed demand [kg DM/head and day] was used to calculate the annual feed requirement [1,000 
m.t. DM / cattle stock and year]. 
 
Annual feed intake cattle [1,000 m.t. DM/livestock and year] = (Livestock[heads]*Average 
Feed Demand [kg DM/head and day] *365)/1,000,000 
Source: Calculation based on Wirsenius (2000), Krausmann et al. (2008b)  
Pig Feed Demand 
The feed requirement for pigs was estimated 9 kg feed (dry matter) for the production of one 
kg of pork for Latin America and the Caribbean. This results in a per capita feed demand for 
pigs of 1.3 kg DM/ head and year. In order to estimate the annual feed intake of pigs the 
following formula was used.  
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Feed Demand Pigs [1,000 m.t. DM/ livestock and year] = Pig Meat * 9 
Source: Calculation based on Wirsenius (2000), Krausmann et al. (2008b)  
Poultry Feed Demand 
The feed demand of poultry was estimated based on meat and egg production, assuming a 
specific regional efficiency factor of 3 kg feed/kg hen eggs or 3.6 kg feed/kg chicken meat 
respectively. The poultry feed demand was calculated using the following formula. 
 
Feed Demand Poultry A [1,000 m.t. DM/ year] = Chicken Meat * 3.6 
Feed Demand Poultry B [1,000 m.t. DM/ year] = Hen Eggs * 3.0 
Source: Calculation based on Wirsenius (2000), Krausmann et al. (2008b)  
 
Finally feed demand A and B were added. 
Feed Demand Other Animals 
 
The feed demand of horses, goats, sheep, mules and asses was calculated using per-head-and-
day factors for dry matter feed intake (Tab. 3). 
 
Feed Demand Other Animals [1,000 m.t. DM/ year] =Livestock [heads]* 365 * Factor [kg 
DM/head and day] /1,000,000 
Source: Calculation based on Wirsenius (2000), Krausmann et al. (2008b)  
 
Tab. 3: Feed Intake Per Head and Day  
Feed Intake [kg DM/head and day] 
Sheep 
1 
Goats 
1 
Horses 
10 
Asses 
6 
Mules 
6 
Source: Factors based on Wirsenius (2000), Krausmann et al. (2008b)  
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Figure 3 shows the feed demand of animal livestock [mio. t DM/yr] between 1970 and 2003. 
The calculated annual feed demand for all animals varies from 14 million tons to over 20 
million tons dry matter. Cattle feed demand dominates, accounting for 75%, followed by all 
other grazers, accounting for 18% of the total feed demand. Pigs and poultry are of minor 
importance, accounting for 7% of the total feed demand. The overall feed demand declined in 
the 1990s, mainly due to a reduction of cattle livestock.  
 
Fig. 3: Feed Demand Livestock 
 
Source: Own calculation based on FAO (2004) and Wirsenius (2000) 
 
3.1.2.3.2. Feed Supply 
In this analysis I assume a tropical animal feeding system including sugar cane residues and 
by-products (Perez, 1992 and Quiroz et al., 1997). The following approach embraces the 
typical diet under tropical conditions considering the use of sugar cane and residues for 
animal feeding. 
 
The typical diet of non-grazers consists of market feed, including mainly sugar cane and 
molasses. Poultry get market feed, mainly cereals and more recently dried cane leaves mixed 
with molasses at 70% “B” molasses and 30% dried sugar cane leaf meal (Preston, 1995). Pigs 
get market feed, mainly molasses, syrups and concentrated juice, cassava, sweet potato and 
banana (Perez, 1992). Despite crop residues and reject food, in Cuba in particular industrial 
and household organic waste are most likely to be reused as pig feed (Preston, 1995). 
Household and organic waste was, however, not taken into account in this analysis.  
National Material Flow Analysis: Cuba  Susanna Eisenhut 
 27
The typical diet of grazers consists of residual market feed, grazed biomass and fibrous sugar 
crop residues, e.g. cane tops, green and dry leaves, pressed stalk and chopped whole and 
derinded sugar cane (Preston, 1995). In Cuba in particular the bagacillo treated with sodium 
hydroxide (Preston, 1995), some fraction of pith (Valdes Delgado et. al, 2001) and other 
sugar by-products like filter cake, wastes and effluents are used for cattle feeding (Almazan et 
al.,1998).  
 
Market Feed 
Data for market feed comes from the FAO commodity balances. A considerable share of the 
available market feed is made up by sugar cane and molasses, accounting for an average of 
40% of total market feed distributed in Cuba between 1970 and 2003 (Fig. 4). 
 
Fig. 4: Sugar and on-Sugar Market Feed 
 
Source: calculation based on FAO (2004) 
 
Market feed is accounted for in air dry weight (15% m.c.). The amount of market feed fed to 
grazers was calculated using the following formula. 
 
Market Feed Available for Grazers = Feed Demand Pigs and Poultry [1,000 m.t. DM/ year]  – 
Total Market Feed [1,000 m.t. DM] 
Source: Weisz et al. (2007) 
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Residues Used for Feed 
About 66% of all used residues are further used for feed. This information is relevant to 
establish the feed balance and to estimate the amount of grazed biomass. The amount of crop 
residues used for feed was calculated using the following approach. 
 
Used crop residues for feed [1,000 m.t. GM] = Used crop-residues [1,000 m.t. GM] * 0.66 
Source: Weisz et al. (2007), Krausmann et al. (2008b) 
 
All used crop residues for feed are converted into air dry weight (15% m.c.). The moisture 
content varies among different species and needs to be considered. Sugar cane has a water 
content of 83%, whereas most other crops show 15% moisture content (see Tab. 2) 
 
Used crop residues for feed at air dry weight [1,000 m.t DM] = Used crop residues for feed at 
fresh weight [1,000 m.t GM]* 0.15  
Source: Weisz et al. (2007), Krausmann et al. (2008b) 
 
Bagasse Used For Feed 
It is assumed that bagasse accounts for 28% of the total sugar cane extraction.  
 
Bagasse produced [1,000 m.t. GM (83% m.c)] = { (Sugar Cane Extraction GM [1,000 m.t. 
(83% m.c)] – Market feed [1,000 m.t. GM (83% m.c)] }* 0.28 
Source: calculation based on Almazan et al. (1998) 
 
Approximately 10% of bagasse produced is used as cattle feed. 
 
Bagasse used for feed [1,000 m.t. GM (83% m.c)] = Bagasse produced [1,000 m.t. GM (83% 
m.c)] * 0.1 
Source: calculation based on Valdes Delgado et al. (2001) 
 
Bagasse used for feed is accounted for at 50% moisture content, according to the following 
formula.  
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Bagasse Used for Feed at air dry weight [1,000 m.t. DM (50% m.c)]= Bagasse Used for Feed 
[1,000 m.t. GM (83% m.c)] * 0.5 
Source: calculation based on Valdes Delgado et al. (2001) 
 
According to this calculation, the amount of bagasse used for feed decreased from 1.15 
million tons dry matter (50% m.c.) or 1.15 t/cap/yr in 1970 to 0.32 million tons dry matter 
(50% m.c.) or 0.04 t/cap/yr in 2003. The amounts of fed sugar cane, bagasse, molasses and 
sugar residues appear realistic. These results match our presumption that in Cuba some 60% 
of the combined pig and grazer feed demand (Almazan et al.,1998) or 24-35% of the cattle 
feed demand respectively (Quiroz et al., 1997), are covered by sugar cane and its by-products.  
* * * 
 
Finally, the feed balance is established (Fig. 5). All components need to be filled into the 
grazing balance in order to estimate the amount of grazed biomass: 
 
Grazed Biomass=Feed Demand [t (DM at 15% m.c.)] - Market Feed [t (DM at 15% m.c.)] - 
Residues used as Feed [t (DM at 15% m.c.)] - Bagasse Used for Feed [t (DM at 50% m.c.)] 
Source: based on Weisz et al. (2007), Krausmann et al. (2008b) 
 
The grazers feed balance shows the amounts of grazed biomass, market feed, bagasse and 
residues used to cover the grazers´ feed demand. The major share of the feed balance is 
covered by grazed biomass, ranging from 40% to 70%. Residues used for feed account for 
30%, residual market feed and bagasse altogether make up 10% of the grazers feed balance. 
Grazing declines during the economic crisis between 1989 and 1993, mainly as a consequence 
of the reduced cattle stock and gains importance in the mid 1990s. The use of residues for 
feed declines in the course of the 1990s according to the declining sugar cane production. 
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Fig. 5: Feed Balance Grazers 
 
Source: Own calculation 
 
(b) Estimate based on Land Use 
 
The outcomes of method (a) were crosschecked with a grazing model based on the available 
pasture area. The average yield of usual fodder crops ranges, depending on land use and 
pasture, from 0.5 to 7.0 t/ha [15% m.c.] (Weisz et al., 2007). The yield of grazable biomass 
for Cuba was assumed 5 t/ha. A relatively high yield was chosen based on the assumption that 
pasture farming systems traditionally are quite common in Central America (Preston, 1995). 
Grazing model (b) based on the available pasture area was calculated using the following 
formula. 
 
Grazed Biomass=Available Pasture Area (1,000 ha)*Yield (5t/ha) 
Source: based on Weisz et al. (2007)  
 
The outcomes of grazing model (a) match the results of grazing model (b). The amount of 
grazed biomass based on the feed demand on average is by 10% lower than the calculated 
amount of grazed biomass based on the available pasture area.  
3.1.2.4. Fish Capture 
Data on fish catch was taken from the FISHSTAT database. According to MFA conventions, 
only fish capture from open and fresh seawater systems is accounted for, whereas fish 
production from aquaculture is not considered natural extraction. 
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3.1.2.5. Wood Extraction 
This category comprises industrial roundwood used in industrial processes (e.g. timber, 
paper), and fuel wood mainly used for energy production. The FAOSTAT database reports 
forestry data in terms of volume rather than weight. Standard factors, given in Table 4 are 
used to convert volume [m
3
] into weight [m.t. DM (15% m.c.)] (Tab. 4). 
 
Tab. 4: Wood Conversion Factors 
Wood Factor 
Coniferous 
0.52 
on-Coniferous 
0.68 
Source: Weisz et al. (2007) 
 
MFA only accounts for biomass removed from forests for further socio-economic use. 
Branches, root-stocks and other unused biomass from woods are not included into the MFA 
balance. The wood bark, in contrast, is not reported by FAO agricultural statistics. Since 
wood bark is subject to further socio-economic use, an extension factor was used to correct 
the wood balance. The fraction of used bark is assumed 10% of the total stem wood (Weisz et 
al., 2007).  
 
Wood removals incl. bark [t at 15% m.c.] = wood removals under bark [t at 15% m.c.]* 1.1 
Source: Weisz et al. (2007) 
 
Charcoal is still a relevant source of energy in Cuba. To account for wood used in charcoal 
production, the relation of wood used in charcoal production was assumed 3:1 in terms of 
volume. 
3.2. Non-Metallic Minerals 
The MFA questionnaire distinguishes between non-metallic industrial minerals and 
construction minerals, in practice some minerals are used for both industrial and construction 
purposes. Quantitatively construction minerals represent a relatively large flow of the 
domestic extraction of minerals and outweight industrial minerals by far. Construction 
minerals comprise sand, gravel, crushed stone and limestone. Most important industrial 
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minerals produced in Cuba are gypsum and salt, and smaller quantities of marble, feldspar, 
iron pyrites, bentonite, kaolin and clays. 
 
The vast majority of minerals comprise bulk raw materials with low economic value (less 
than EUR 100 per ton), e.g. washed sand, gravel, crushed stone. Industrial and construction 
minerals are used for a broad range of uses, e.g. inorganic chemicals, ceramics or table salt 
(Weisz et al., 2007). 
 
3.2.1. Data Sources 
Data on the extraction of industrial and construction minerals between 1970 and 1990 is taken 
from the United Nation Industrial Commodity Production Statistics Database 
www.unstats.un.org/unsd/industry/default.asp. Most data after 1990 comes from USGS 
sources http://minerals.usgs.gov/minerals/pubs/country/latin.html#cu, unless otherwise 
specified below. USGS mineral fact sheets for Cuba are available online for the years 1994, 
1996, 2000 and 2004. An overview on data sources used to estimate the use of construction 
minerals (see section 3.2.2) is provided in table 5. 
 
 
 
 
 
. 
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Tab. 5: Data Sources Used to Calculate Construction Minerals 
Material Year Source 
Sand and Gravel 
1970-1978 
Schroeder (1982) A Handbook of Historical 
Statistics 
1970-1989 
UN Industrial Commodity Production Statistics 
Database 
Cement 
1970-1978 
Schroeder (1982) A Handbook of Historical 
Statistics 
1989-1993 
Babun (1997) Cuba´s Cement Industry 
1980, 1983-
1989 
Oficina Nacional de Estadistica: Anuario Estadistico 
de Cuba 1989, 1998, 2005 
GDP Construction 
1970-2003 UN National Accounts Main Aggregates Database 
Road etwork 
1971-1975 Schroeder (1982) A Handbook of Historical 
Statistics 
1989 IRS (1994) World Road Statistics 
1990-1999 
World Bank (2007) World Development Indicators 
Database 
 
 
Combining data from two or more databases requires great care. Due to different terminology 
and classification codes, breaks and double counts can appear that need to be removed. 
Limestone extraction for instance broke down in 1990 due to different terminology. While the 
United Nation Industrial Commodity Production Statistics Database reports limestone as 
“limestone & calcerous stone”, the USGS database reports the production of “lime” since 
1990. The production of “sand, silica and quartz”, accounted for as “silica sand” by USGS 
statistics, shows a sudden rise in 1990. However, the final values for these construction 
minerals are based on an estimation model, specified in section 3.2.2.2.  
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In order to convert volume (m
3
) into weight (m.t.) specific gravity factors recommended in 
Weisz et al. (2007) are used (Tab. 6). 
Tab. 6: Mineral Conversion Factors 
Item Factor 
Sand, dry 
0.001602 
Marble 
0.002563 
Gravel, dry 
0.001682 
Source: Weisz et al. (2007) 
 
3.2.2. Method of Calculation 
3.2.2.1. Industrial Minerals 
Among the most important industrial minerals extracted in Cuba are gypsum and salt 
(>100,000 t/yr), and smaller amounts of marble, feldspar, iron pyrites, bentonite, kaolin and 
clays (< 50,000 t/yr). “Kaolin”, reported as “kaolin clay” by the USGS shows some 
discontinuities after 1990. A crosscheck with national statistics suggests a real decline in the 
production of kaolin between 1990 and 1994. The production of marble, bentonite, magnesite 
and clays (total production) after 1989 is not reported at all by USGS statistics. That is 
tolerable, because in terms of weight, these commodities make up only a minor part of the 
total mineral flow.  
3.2.2.2. Construction Minerals 
Construction minerals usually represent a relatively large flow in material flow accounting, 
nevertheless they are likely to be neglected and/or under-represented by most common 
mineral statistics. Sand and gravel are cheap, abundant and easily accessible bulk materials 
and receive only little attention in official mineral reports and statistics.  
 
In order to cross-check data on limestone, sand and gravel extraction reported in statistics, an 
estimation model was used based on data on cement production and road construction. It 
takes into account the input of limestone in cement production, and the amount of sand and 
gravel used for concrete and road construction derived from data on cement production and 
the development of the total road network. Finally, the calculated amounts of sand and gravel 
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were added and compared to the original data reported by mineral statistics. The higher 
figures were used in this MFA. 
Limestone 
The input of limestone in cement production was rated 1.19 tons limestone to make 1 ton of 
cement (Tab. 7).  
 
Limestone for Cement[t] = Cement [t] * 1.19  
Source: Weisz et al. 2007 
 
Tab. 7: Limestone Input in Cement Production 
Commodity Input[t]/Cement [t] 
Limestone  
1.19 
Source: Weisz et al. 2007 
 
Sand, Gravel and Crushed Stone 
Sand and gravel are broadly used in structural engineering, mainly buildings and concrete, 
and civil engineering, mainly roads (Weisz et al., 2007). The following procedure takes into 
account the two main uses of sand and gravel as inputs for the production of concrete (Tab. 8) 
and as different layers in road construction (Tab. 9).  
 
Sand for Cement[t] = Cement [t] * 2.4 
Gravel for Cement[t] = Cement [t] * 3.7 
Source: Weisz et al. 2007 
 
Tab. 8: Sand and Gravel Input in Concrete Production 
Construction Mineral Input[t]/Cement [t] 
Gravel and Crushed Stone  
3.7 
Sand  
2.4 
Source: Krausmann (2007) personal communication, Weisz et al. (2007) 
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Sand and gravel are also used as layers in road construction (measured by the length of newly 
built road per year) as well as for maintenance and upgrading of the total road network. The 
inputs of sand and gravel in road construction, upgrading and maintenance were calculated as 
follows using the factors below (Tab. 9). 
 
Data on the Cuban road network is quite accurate and comes from the Handbook of Historical 
Statistics (1971-1975), World Road Statistics (1989) and the World Development Indicators 
Database (1990-1999). The total road network reported by the International Road Society for 
1997 amounts to the double of that reported in 1996. Therefore, from 1996, an average 
growth rate was assumed (500 km/yr) in order to estimate the length of newly built road. The 
input of sand and gravel was rated 5 t/km. 
 
Road upgrading refers to qualitative amendments and infrastructural improvements of the 
existing road network. The length of upgraded roads (km/yr) was assumed to amount to the 
double of newly built roads. The input of sand and gravel in the upgrading of roads was rated 
2.8 t/km. Maintenance involves corrections and reparation in order to sustain and maintain 
roads in good working order. The input of sand and gravel in maintenance was rated 0.1 in the 
existing road network.  
 
Sand and Gravel for Newly Built Road [t] = Newly Built Road [km/yr] * 5.0 
Sand and Gravel for Maintenance [t] = Existing Road Network [km] * 0.1 
Sand and Gravel for Upgrading [t] = Newly Built Road [km/yr] * 5.6 
Source: Krausmann (2007) personal communication, Weisz et al. (2007) 
 
 Tab. 9: Sand and Gravel Input in Upgrading, Maintenance and Road Construction 
Construction Mineral 
Input[t]/ewly Built 
Road [km] 
Sand and Gravel for Maintenance 0.1 
Sand and Gravel for Newly Built Road 5.0 
Sand and Gravel for Upgrading 2.8 
Source: Krausmann (2007) personal communication, Weisz et al. (2007) 
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Figure 6 shows the estimate of the total amount of used construction minerals in Cuba. 
Construction minerals are dominated by sand and gravel. Sand and gravel exceed the 
production of limestone by factor 2. The production of all construction minerals declines 
sharply in the early nineties. 
 
Fig. 6: Estimated Use of Construction Minerals 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Own calculation 
 
Estimated figures for limestone, sand and gravel for cement and concrete production, and 
sand and gravel for road construction were added and compared with official figures for 
limestone, sand and gravel reported in national and international statistics. The original 
construction mineral data and the estimated construction mineral extraction match very well 
(Fig. 7). The higher figures were selected as data for the domestic extraction of limestone, 
sand and gravel.  
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Fig. 7: Inputs of Sand, Gravel and Limestone compared to Original Figures 
 
Source: Own calculation based on the United Nations Industial Commodity Production 
Statistics Database (2004), USGS (2006) and Babun (2004) 
 
For limestone extraction the original datasets were used as reported by statistics. Missing data 
for limestone was reconstructed along the cement production curve.  
 
For sand and gravel extraction, the above described estimation approach was chosen 
considering the amount of sand and gravel in concrete and road production, because those 
outcomes appeared even more realistic due to higher values.  
 
3.2.2.3. Construction Minerals and Economic Growth 
From another angle, the mass inputs of construction minerals in cement production and road 
construction were crosschecked with the GDP of the construction sector. In MFA, it is 
generally assumed that construction minerals show a high volatility with economic growth 
based on the assumption that accelerated economic growth often results in enhanced 
construction activities and investments in physical infrastructure (Weisz et al., 2006).  
 
Figure 8 illustrates the development of construction mineral extraction in relation to economic 
growth in the construction sector. It is interesting to note that the estimated outcomes based 
on the outlined assumptions show a strong correlation with the original mineral data (Fig. 8). 
That displays high data quality of the original datasets reported by national statistics on the 
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one hand and proves the interrelation of construction minerals extraction, and economic 
growth and on the other. 
 
Fig. 8: Construction Minerals and GDP 
 
Source: Own calculation based on the United Nations Industial Commodity Production 
Statistics Database (2004), USGS (2006) and Babun (2004) 
 
3.3. Metal Ores 
In terms of weight, metal ores represent a relatively small flow. Metal ores, especially nickel 
and cobalt are strategically important commodities for the Cuban economy due to their 
relatively high socio-economic value. Other metal ores produced in Cuba are copper, 
chromium and small amounts of gold. Metal ores are required for a wide range of uses, e.g. 
construction, vehicles, machinery and household appliances. The extraction of metal ores is 
often associated with polluting and destructive processes related to mining and quarrying 
activities, e.g. ecosystems destruction, sealing of land, toxic waste and emissions (Weisz et 
al., 2007). 
 
3.3.1. Data Sources  
In general, data for metal ores from 1970 to 1989 was taken from the UN Industrial 
Commodity Production Statistics Database. Data on the production of metal ores for the later 
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years were downloaded from the same USGS source like minerals available online 
http://minerals.usgs.gov/minerals/pubs/country/latin.html#cu. 
 
3.3.2. Method of Calculation 
Mineral mining involves the mobilization of huge amounts of materials (Weisz et al., 2007). 
Therefore material flow accounts follow a run-of-mine concept focusing on the production of 
gross ores. Gross ores reflect the total amount of extracted, metal containing material that 
undergoes further socio-economic processing. Overburden and interburden, material removed 
and deposited in order to reach ore containing minerals, is considered unused extraction and is 
not accounted for in this study. 
 
3.3.2.1. Gross Ore 
Gross ore values were re-calculated by using appropriate conversion factors, based on 
individual net-gross-ore ratios. Net ore data (metal concentrates) was used extended by 
individual factors, rather than gross ore data reported by the USGS. The calculated figures 
were compared to the reported gross ore data. The higher figures were chosen for the 
extraction of metal gross ores and crosschecked with metal contents recommended in 
literature, USGS and national statistical sources. 
 
Gross ore of copper, chromium and nickel were calculated on the base of concentrate-gross-
ore ratio (Tab. 10). The gross ore values of iron ore refer to original gross ore data reported in 
the United Nations Commodity Statistics Database. In order to figure out the quantities of 
cobalt obtained from nickel extraction, the shares of nickel and cobalt (96% Ni, 4% Co) were 
applied to the nickel gross ore values. Finally the calculated cobalt amounts were used instead 
of the reported figures on cobalt production. 
 
Factor Concentrate-Gross Ore = 1/net-gross ore ratio [%]*gross weight [t] 
Source: Eisenmenger (2007), personal communication  
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Tab. 10: Concentrate-Gross Ore Ratio and Corresponding Factors 
Metal Ore Metal Content 
Concentrate-Gross 
Ore Factor 
ickel 
0.93% 107.04 
Chromium 
23.95% 4.18 
Copper 
1.25% 80.16 
Cobalt 
0.98% 102.03 
Gold  
1.5 g Au/m.t. 666,666.67 
Source: Own calculation based on USGS (2006) 
 
3.4. Fossil Fuels  
Fossil energy carriers are bulk raw materials of low economic value (less than EUR 100 per 
ton), used for energy production and as industrial raw materials, e.g. for the production of 
organic chemical compounds and synthetic materials or fibres (Weisz et al., 2007). The 
combustion of fossil fuels contributes to air pollution and global warming. Domestic 
extraction of fossil energy carriers is quite low in Cuba. It comprises small amounts of crude 
oil and associated gas. 
 
3.4.1. Data Sources 
Data on the production of fossil energy carriers was compiled from the Energy Statistics and 
Balances of NON-OECD Countries published by the IEA (2002). The IEA database provides 
information on the production and trade of fossil energy carriers and derived products from 
1971 to 2001. Fossil fuel data for 2002 and 2003 was updated based on a trend development.  
 
 3.4.2. Method of Calculation 
In order to convert data for natural gas given in upper heating value (MJ/kg) into weight (m.t.) 
a specific factor for calorific value was used, provided by IEA (2002) (Tab. 11). 
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Tab. 11: atural Gas Density 
Commodity MJ/kg 
atural Gas 
50 
Source: IEA (2002) 
3.5. Trade  
3.5.1. Data Sources 
Physical foreign trade data for Cuba proved difficult to compile, because data currently 
available for this country is quite insufficient. Both national and international statistics have 
been used for the acquisition of physical foreign trade data. Trade data on biomass is taken 
from the FAOSTAT Agricultural and Food Trade Statistics and Animal Commodity 
Balances. Trade data on fossil fuels is taken from the International Energy Agency database. 
Those biomass and fossil fuel commodities covered by FAO and IEA statistics are consistent 
and display high data quality. In general, Cuban foreign trade with mineral and metal 
commodities in physical units is poorly reported. Due to a lack of data availability, many 
finished and semi-finished manufactured products remain out of consideration.  
 
Iron, nickel, cement, sand and gravel exports as well as iron, feed and fertilizer imports were 
calculated based on data from the UN Commodity Trade Statistics and the Anuario 
Estadistico de Cuba eds. 1989, 1998 and 2005. 
 
3.5.2. Method of Calculation 
Trade data used in this analysis is mainly restricted to raw materials reported by FAO and 
IEA statistics. Those great foreign trade flows ( >100,000 m.t. ) that were not covered by 
international sources (iron, nickel, cement, sand and gravel exports, and iron and feed 
imports) were calculated based on an estimation model based on price development (Tab. 12) 
and export-production ratio (Tab. 13).  
 
Iron, nickel and cement exports were calculated based on price development using specific 
factors derived from the ratio of physical values from the United Nations Commodity Trade 
Statistics (available for 1999-2001) to monetary values reported in the Anuario Estadistico de 
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Cuba eds. 1989, 1998 and 2005. This relation was applied for all years, in order to estimate 
the physical trade volume with these commodities from 1970 to 2003. 
 
Trade Commodity [t]= Monetary Value [pesos]*Factor [t/p] 
 
Tab. 12: Trade Factors based on Price Development 
Trade Commodity 
Factor physical to 
monetary value[t/peso] 
Iron Export 
0.004 
Cement Export 
0.036 
ickel Export 
0.029 
Iron Imports 
0.008 
Animal Feed Imports 
0.003 
Source: Own calculation based on monetary and physical trade data reported in the Anuario 
Estadistico de Cuba 1989, 1998 and 2005 and the United Nations Commodity Trade Statistics 
Database (2007) for the years 2000-2002 
 
Sand and Gravel Exports [t] = DE Sand and Gravel [t] * Factor 
 
Sand and gravel exports were estimated, assuming that 0.3% of the sand and gravel extraction 
was destined for export. 
 
Tab. 13: Trade Factor based on Export-Production Ratio 
Export Commodity 
Share 
Exports/Production 
Sand and Gravel Export 
0.0030 
 
Note that foreign trade data is probably shaped by the applied method of calculation and does 
not allow further conclusions on the actual development of imports and exports of minerals 
and metal ores in this period.  
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Unlike domestic extraction, in the foreign trade section, live animals and animal products, e.g. 
meat, eggs and dairy products are accounted for. Besides secondary products made from 
biomass, also refined products made from fossil fuels are accounted for as imports and 
exports. 
 
Foreign trade data refers to the form and mass weight of a good at the moment it crosses the 
administrative border. Nickel, for instance, is exported in the concentrated form of a 
conglomerate (mixed sulfide, oxide and sinter) and is therefore reported at its metal content. 
Nickel exports until 1978 originate from Schroeder (1982); export data of the later years 
comes from the Anuario Estadistico de Cuba 1989, 1998 and 2005, listed there as non-ferrous 
ores and concentrates. 
 
3.6. Human Development Index (HDI) 
3.6.1. Data Sources 
There was no HDI available for all the years from 1970 to 2003. The human development 
index (HDI) for Cuba was calculated based on data from both national and international 
statistics. Data on life expectancy, literacy and gross enrollment between 1970 and 1985 were 
compiled from the UN Statistics Division http://unstats.un.org/unsd/databases.htm. Data for 
the later years were taken from the Anuario Estadistico de Cuba 1989, 1998 and 2005. Data 
on the GDP (PPP, USD) was taken from the IEA database. 
 
3.6.2. Method of Calculation 
The human development index (HDI) is a summary indicator measuring the average 
achievements of a country in the three key dimensions of the human development concept: 
long and healthy life (life expectancy at birth [A]), knowledge (measured by adult literacy 
15+ [B1] and gross enrollment [B2]) and decent standard of living (GDP per capita PPP US$ 
[C]) shown in table 14 (Human Development Report, 2003). 
 
The HDI represents the average value of these partial indices (A, B1, B2, C).  
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Calculation of the partial indices: 
  
Index = 
 
Tab. 14: Human Development Indicators 
Matrix Unit Minimum Maximum 
Share of 
part index 
A-Life Expectancy at Birth 
years 25 85 100% 
B1-Adult Literacy Rate 
% 0 100 66.67% 
B2-Schooling Rate 
% 0 100 33.33% 
C-Real Purchasing Power  
USD PPP/cap 100 40,000 100% 
Source: Human Development Report (2003) 
 
The HDI is determined as an average value of the partial indices A, B (
2
/
3
*B1+
1
/
3
*B2). The 
partial indices A, B1 and B2 are calculated linearly whereas per capita real purchasing power 
values are incorporated in a logarithmic way. 
 
The highest attainable value is 1, the lowest 0. The UNDP classifies countries according to 
their HDI in three different development stages. 
 
Low human development: HDI < 0.5 
Middle human development: HDI < 0.8 and ≥ 0.5 
High human development ≥ 0.8 
 
For calculating the combined school enrollment for Cuba, the gross tertiary female enrollment 
rate was used (2005: 78%) as suggested in the Human Development Indicators Database. 
 
Note the calculated HDI for Cuba is slightly higher than the HDI published by the UNDP. 
 
real value – minimum value 
maximum value – minimum value 
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4. Outcomes 
4.1. Domestic Extraction (DE) 
 
Cuba’s domestic extraction reaches its maximum in 1989 at 185 million tons, with a 
minimum of 113 million tons in 1972 and of 73 million tons in 2004 (Fig. 9).  
Three phases are observed in the development of domestic extraction: An incremental period 
of growth during the 1970s and 1980s, during which domestic extraction increased from 113 
million tons (12.7 t/cap/yr) in 1972 to 185 million tons (17.6 t/cap/yr) in 1989 at an average 
growth rate of 5.5% per year. What is characteristic of the 1980s is a continuous growth of 
domestic extraction, gently increasing on a relatively high level with marginal fluctuations 
ranging from 160 million to 180 million tons.  
 
The year 1989 marked a significant point of change in the Cuban economy in social, 
economic and environmental terms. In that year domestic extraction reached its peak during 
the time period investigated, totaling 185 million tons or 17.6 t/cap/yr. But 1989 was not only 
the year of the highest domestic extraction, it also marked the beginning of a period of 
declining extraction.  
During the 1990s material flows remained relatively stable on an overall lower level. Between 
1989 and 1995 domestic extraction dropped almost half, amounting to 98 million tons (8.9 
t/cap/yr) in 1995. From the mid-nineties, domestic extraction fell another 20% amounting to 
no more than 77 million tons (6.8 t/cap/yr) in 2004.  
 
Fig. 9: Domestic Extraction  
Source: Own calculation  
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The average share of the four main material categories of the total domestic extraction equals 
3
/
4
 biomass, 
1
/
5
 - 
1
/
4
 non-metallic minerals (mainly construction minerals) and 3-9% metal 
ores. In terms of weight, domestic extraction of fossil fuels plays only a minor role in Cuban 
physical economy. In the course of time there are only slight variances of this composition 
(Tab. 15). 
 
Tab. 15: Share of Material Categories in DE  
 
 
 
 
 
 
 
*2000-2003 
Source: Own calculation 
 
Biomass extraction represents the major part of DE contributing an average of 72% of the 
total domestic extraction between 1970 and 2003. The huge amounts of extracted biomass 
and the relatively high shares of biomass of the overall physical economy reflect the 
importance of agriculture for the Cuban economy and its role as a biomass producing and 
exporting country.  
 
In 1972, biomass extraction amounted to 85 million tons, increasing steadily until it 
culminated again in the years 1979 (127 million tons or 13.2 t/cap/yr), 1984 (128 millions 
tons or 12.8t/cap/yr) and finally 1990 (134 million tons or 12.6t/cap/yr). The magnitude of the 
biomass extraction flow mainly is determined by huge amounts of extracted sugar cane and 
the production of sugar residues, accounting for 80% of the biomass flow (Fig. 10). 
 
 
 
 
 
 
Material Category 1970s 1980s 1990s 2000s* 
Biomass 
75.2% 71.4% 71.2% 69.1% 
Metal Ores 
3.0% 2.7% 4.6% 8.8% 
on-Metallic Minerals 
21.6% 25.4% 22.9% 20.1% 
Fossil Fuels 
0.2% 0.4% 1.2% 3.4% 
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Fig. 10: Domestic Extraction of Primary Crops 
 
 
Source: Own calculation based on FAO (2004) 
 
Other important primary crops (> 1 million t/yr, green matter) produced in Cuba are rice, 
grapefruit, oranges, tomatoes, potatoes, sweet potatoes, cassava, bananas and plantains (Fig. 
11). It is interesting to note that there is no wheat production in Cuba, probably due to 
climatic conditions. The extraction of most primary crops, especially sugar cane, is adversely 
affected by the economic crisis showing regressive production in the first half of 1990s and 
recovery in the mid-nineties.  
 
Fig. 11: Most Important Primary Crops exluding Sugar Cane 
  
Source: Own calculation based on FAO (2004) 
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After 1995 some crops gained relative importance. The extraction of rice, beans and cocoyam 
rose, as well as the extraction of some vegetables (cabbages, cucumbers, onions and 
pumpkins) and tropical fruit (mangoes, papayas and coconuts). However, during the 1990s 
overall biomass extraction dropped almost 60% to less than 60 million (57 million) tons in 
2003. This significant decrease in the extraction of biomass was mainly caused by falling 
sugar cane extraction, which went together with declining sugar exports, decreasing sugar 
cane yield and harvest area during the 1990s.  
 
Non-metallic minerals comprise industrial and construction minerals. They altogether account 
for 20-25% of the total domestic extraction. The extraction of non-metallic minerals is 
dominated by large amounts of extracted construction minerals, mainly sand, gravel, crushed 
stone and limestone, accounting for 99% of the total mineral production. Construction 
minerals are low-cost commodities, abundant in nature and are broadly used in civil 
engineering. Construction minerals are relevant to the Cuban economy, but quite insignificant 
in monetary terms due to their low economic value and low trade intensity.  
 
Construction minerals extraction follows a similar trend as the biomass flow, so typical for 
Cuba. The extraction of construction minerals amounted to 13.4 million tons (1.6 t/cap/yr) in 
1970, increased steadily until 1989 (45.3 million tons or 4.3 t/cap/yr), and dropped 60% in the 
early 1990s to 18.8 million tons (1.7 t/cap/yr) extracted in 1993. Throughout the 1990s 
domestic extraction of construction minerals remained quite stable at an overall lower level, 
amounting to 22.3 million tons or 2 t/cap/yr in 2003. 
 
Industrial minerals play only a minor role in the Cuban physical economy, accounting for less 
than 0.3% of the total domestic extraction. Among the most important industrial minerals 
extracted in Cuba are gypsum and salt (>100,000 t/yr) and smaller quantities of marble, 
feldspar, iron pyrites, bentonite, kaolin and clays (< 50,000 t/yr) There are some 
discontinuities in the extraction of marble, bentonite, magnesite and clays after 1989 (Fig. 
12). There are two possible reasons for these disruptions: breaks might either be caused by a 
lack of data availability or a real breakdown of the Cuban mineral industry after 1989. The 
overall lower figures reported after 1995 indicate a reduced domestic extraction of industrial 
minerals from 1989. However, in terms of weight, the domestic extraction of industrial 
minerals is low compared to high volumes of extracted construction minerals.  
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Fig. 12: Domestic Extraction of Industrial Minerals  
 
Source: Own calculation based on United Nations Industrial Commodity Production Statistics 
Database (2004) and USGS (2006) 
 
Fossil fuel extraction is of minor importance for the Cuban economy. It represents a relatively 
small flow compared to overall domestic extraction, accounting for 0.3% to 3.4%. 
Nevertheless, fossil fuel extraction gained importance during the 1990s (Fig. 13). In that 
decade fossil fuels extraction increased rapidly due to higher levels of domestic oil production 
at an average growth of 15.7% per year. The extraction of oil doubled from 1.5 million tons in 
1997 to almost 3 million tons in 2001. During the energy crisis as a consequence of economic 
recession in the early nineties, Cuba increased the exploitation of domestic crude oil 
resources, in order to substitute expensive oil imports. The production of crude oil was 
increased particularly in the 1990s, mainly due to foreign investments and the use of more 
efficient technology. Cuba’s natural gas production, which is all associated gas obtained from 
oil recovery, started in the late 1990s only and rose significantly from 28,000 t/yr in 1997 to 
444,000 t/yr in 2001. It should be mentioned at this point, that there is no domestic extraction 
of coal in Cuba. 
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Fig. 13: Domestic Extraction of Fossil Energy Carriers 
 
Source: Own calculation based on IEA (2002) 
 
The extraction of metal ores is relatively low compared to other material categories. Although 
the share of metal ores is small (2.7% to 8.8% of the total domestic extraction), a dynamic 
growth can be registered in the observed period, from 3.8 million tons or 0.44 t/cap/yr in 1970 
to 7.6 million tons or 0.67 t/cap/yr in 2003 (Fig. 14, Tab. 15). 
 
Cuba is a country with comparatively small ore deposits. The most important metal ore is 
nickel, which accounts for 3.5% of the total domestic extraction or 88% of the total ore 
extraction. Nickel extraction amounted to roughly 3 mio. tons to 4 mio. tons gross ore 
between 1970 and 1989, dropped almost half between 1989 and 1994 and increased rapidly 
until 2003 (by factor 3 from the mid-nineties). A more detailed description of the nickel flow 
and a short discussion of its determinants and consequences can be found in section 5.3.2.  
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Fig. 14: Domestic Extraction of Metal Ores 
 
Source: United Nations Industrial Commodity Production Statistics Database (2004) and 
USGS (2006) 
 
Extracted metal ores other than nickel are copper, chromium, gold, iron ore, and cobalt as a 
by-product of nickel extraction (Fig. 15). All metal ores reacted sensitively to economic 
depression in the early nineties with declining production figures and started to rise again in 
the mid-nineties. The production of small quantities of gold started in 1994 with the opening 
of a gold-mine in Castellanos, 125 km west of Havana. However, the mine closed again in 
1999 and gold extraction terminated (Rabchevsky, 1994). 
 
Fig. 15: Metal Ores Other Than ickel 
 
Source: United Nations Industrial Commodity Production Statistics Database (2004) and 
USGS (2006) 
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Table 16 shows domestic extraction in the four main material categories, in terms of total 
mass flows, mass per capita and per unit of land area. 
 
Tab. 16: Domestic Extraction by Material Categories 
 
Source: Own calculation 
Domestic 
Extraction 
 
1970 1975 1980 1985 1990 1995 2003 
Total 
mio. t 152.4 128.2 151.4 165.9 180.6 97.7 92.0 
t/cap/yr/ 17.9 13.8 15.6 16.4 17.0 8.9 8.1 
t/ha 13.9 11.7 13.8 15.1 16.5 8.9 8.4 
 
        
Biomass 
mio. t 134.82 92.9 109.36 114.85 134.24 66.96 57.14 
t/cap/yr 15.82 9.98 11.26 11.35 12.63 6.11 5.06 
t/ha 12.28 8.46 9.96 10.46 12.22 6.10 5.20 
 
        
Metal Ores 
mio. t 3.97 4.27 4.43 4.14 4.58 4.91 8.3 
t/cap/yr 0.47 0.46 0.46 0.41 0.43 0.45 0.73 
t/ha 0.36 0.39 0.40 0.38 0.42 0.45 0.76 
 
        
on Metallic 
Minerals 
mio. t 13.47 30.75 37.28 46.08 41.11 24.32 22.52 
t/cap/yr 1.58 3.3 3.84 4.56 3.87 2.22 1.99 
t/ha 1.23 2.8 3.39 4.20 3.74 2.21 2.05 
 
        
Fossil Energy 
Carriers 
mio. t 0.14 0.27 0.33 0.88 0.7 1.48 4.07 
t/cap/yr 0.02 0.03 0.03 0.09 0.07 0.14 0.36 
t/ha 0.01 0.02 0.03 0.08 0.06 0.14 0.37 
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4.2. Trade 
Data on trade with biomass and fossil fuels is accurate and consistent. Regarding minerals and 
metals only large trade flows were taken into account, due to lack of data. No manufactured 
products were considered. 
 
The most important export commodity in terms of weight is sugar accounting for 80% of all 
physical exports between 1970 and 2003; followed by smaller quantities of metal (iron ore 
and nickel) and mineral exports (sand, gravel, cement). The largest import volumes derive 
from fossil fuels (particularly oil imports) accounting for 70% of all physical imports 
followed by biomass imports accounting for an average of 25%. Most important biomass 
import flows are wood, fish and food imports consisting of cereals, dairy and animal products. 
 
4.2.1. Imports 
During the 1970s the physical imports to the Cuban economy increased about 150% from a 
total of 11 million tons or 1.3 t/cap/yr (1970) to 17 million tons or 1.8 t/cap/yr (1980) and 
reached a maximum of over 20 million tons (2.0 t/cap/yr) in 1989. Overall imports collapsed 
more than half between 1989 and 1993 and remained stable in the 1990s, ranging from 9.2 
(0.9 t/cap/yr) in 1993 to 11.2 million tons (1.0 t/cap/yr) in 2003. Collapsing overall imports in 
the early nineties were mainly due to the absence of crude oil imports (Fig. 16). Dropping 
imports can be seen in all four main material categories. 
 
Fossil fuels (in particular oil and oil products) and biomass (in particular food) imports 
represented the largest physical import flows, at a ratio of 3:1, altogether accounting for 91% 
to 98% of the total imports between 1970 and 2003. Thus, the development of the overall 
imports was to a large extent determined by oil and to a smaller extent by food imports. 
Beside fertilizer and iron imports, there were no significant amounts of metal ores and non-
metallic minerals imported during the observed period. The imports of all material categories 
in the medium term grew until 1989 and dropped drastically, as a consequence of the 
economic recession in the early 1990s. The relative share of the material categories on the 
physical import volume, however, remained quite stable throughout the investigation period 
(biomass 25%, metal ores 3%, minerals 2%, fossil fuels 70%). 
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Fig. 16: Physical Imports  
 
Source: Own calculation 
 
Fossil fuels represented the largest imports flow highly determined by crude oil, diesel and 
fuel oil, accounting for 90% to 95% of all imported fossil energy carriers (Tab. 17). In the 
1970s crude oil accounted for 
2
/
3
 of fossil imports, while diesel and fuel oil together made up 
1
/
3
. This trend is reversed in the 1990s. 
 
Tab. 17: Crude Oil, Diesel and Fuel Oil as a Share of Fossil Fuel Imports 
 1970s 1980s 1990s 
Crude Oil  
68% 59% 25% 
Diesel and Fuel Oil 
27% 35% 67% 
Source: Own calculation based on IEA (2002) 
 
Other imported fossil fuel commodities were small quantities of hard coal, lignite, kerosene, 
liquefied petroleum gases, motor gasoline, aviation gasoline, naphtha and lubricants. In terms 
of weight, these commodities were of minor importance, accounting for 4% to maximum 10% 
of the total fossil fuel imports. 
 
In the first two decades fossil fuel imports grew constantly by 160% from 7.5 million tons 
(0.9 t/cap/yr) in 1971 to 12 million tons (1.2 t/cap/yr) in 1981, reaching their maximum in 
1988 amounting to 14 million tons or 1.3 t/cap/yr. In the early nineties fossil fuel imports fell 
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drastically by 54% down to 6.5 million tons in 1993, while domestic crude oil extraction still 
continued to rise. That shows how from 1990 the domestic oil supply increasingly relied on 
domestic oil extraction. From the mid-nineties onwards fossil fuel imports could be 
maintained at a relatively stable level of 7.0 million to 8.0 million tons or 0.7 t/cap/yr.  
 
Biomass imports amounted to 3.0 to 4.0 million tons in the 1970s, rising above 4 million tons 
during the 1980s and peaking in 1989 at 5 million tons (0.5 t/cap/yr). In the beginning of the 
nineties, biomass imports dropped half from 5 million tons imported in 1989 down to 2.5 
million tons in 1992. Since then the physical import volume of biomass increased gradually, 
amounting to 3.5 million tons (0.3 t/cap/yr) in 2003. The share of biomass imports lies quite 
stable at around 25% of the total Cuban imports. Biomass imports consist mainly of food 
imports like cereals, dairy and animal products, accounting for approximately 83% of the total 
biomass imports. In the 1990s, the share of animal products and primary crops even rose 
above 90% of all biomass imports. Table 18 shows the most important biomass imports. 
 
Tab. 18: Wood, Fish, Cereals, Dairy and Animal Imports as a Share of Biomass Imports 
Biomass Imports 1970s 1980s 1990s 
Timber and Wood Fuel 
11% 13% 3% 
Fish 
9% 4% 1% 
Cereals 
42% 47% 50% 
Dairy Products 
21% 13% 16% 
Meat and Live Animals 
4% 5% 5% 
Fodder Crops 
3% 5% 5% 
Oil Bearing Crops 
5% 8% 11% 
Source: Own calculation based on FAO (2004) 
 
Cereal imports, accounting for 12% of import flow, consist mainly of wheat, corn and rice 
imports. Figure 17 shows the development of cereal imports between 1970 and 2003. 
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Fig. 17: Cereal Imports 
 
Source: FAO (2004) 
 
4.2.2. Exports 
Overall physical exports increased constantly from 8 million tons (0.94 t/cap/yr) in 1970 to 
10.8 million tons (1.03 t/cap/yr) in 1989. In 1972, the export volume dropped to 5 million 
tons (0.57 t/cap/yr) for a short term; this trend was in particular due to declining sugar 
exports, by 40% at the time. In 1985 physical exports peaked at 11.6 million tons (1.15 
t/cap/yr) (Fig. 18). 
 
Between 1989 and 1995, overall exports dropped sharply as a direct consequence of the 
strongly reduced sugar exports and absent fossil fuel exports. Sugar exports fell minus 60%, 
while overall exports fell minus 65%, from 11 million tons (1.07 t/cap/yr) exported in 1989 to 
below 4 million tons (0.34 t/cap/yr) exported in 1995. This clearly shows to what great extent 
the development of exports is determined by large amounts of exported sugar cane, 
accounting for 80% of all physical exports. Between 1993 and 2003, overall physical exports 
stabilized at a level of 3.0 million to 5.0 million tons or 0.3 to 0.45 tons per capita. 
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Fig. 18: Physical Exports  
 
 Source: Own calculation 
 
Biomass exports represented the largest physical export flow, accounting for a maximum of 
99% in 1970, and a minimum of 59% of the total physical exports in 2003. The high level of 
biomass exports is almost exclusively based on the development of the sugar exports (sugar 
raw, refined and molasses) during this period, accounting for 95% of all biomass exports. 
Other exported biomass products (<5%) are fruit (citrus fruit, e.g. oranges, grapefruit and 
lemon), vegetables (fresh and prepared) and other crops (stimulants, e.g. tobacco leaves, 
coffee, alcoholic beverages and cigars). 
 
At a lower level (by factor 10) the sugar export curve reflects the trend of the domestic 
extraction (Fig. 19). The high degree of correlation between production and export of sugar 
cane indicates a high export quota and demonstrates how strongly sugar production is focused 
on exports. Even slight fluctuations in sugar production have an impact on export figures. 
Between 1970 and 2003, about 10% of the total sugar cane extraction was exported in 
processed form as sugar and sugar products. 
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Fig. 19: Sugar Production and Export 
 
Source: FAO (2004) 
 
The high share of sugar exports shows the great importance of sugar cane for the Cuban 
economy as a generator of foreign currency, emphasizing Cuba’s traditional role as one of the 
world’s most important sugar exporting countries (Funes, 2004). 
 
Fossil fuel exports gained importance during the 1980s. This material group grew 
significantly in the 1980s mainly due to rising exports of crude oil, motor gasoline, diesel oil, 
heavy fuel oil and naphtha, accounting for 10-30% of total exports. Amounting to less than 1 
million ton in 1980, fossil fuel exports rose to 3.5 million tons in 1985 and equaled 2.7 
million tons before they disappeared in 1989. Before and after the eighties no significant 
amounts of fossil energy carriers were exported. 
 
Mineral exports, consisting mainly of construction mineral exports (cement, limestone, sand 
and gravel) pro rata replaced fossil fuel exports in the 1990s. The export shares of metal ores 
rose constantly due to growing nickel and iron exports, especially from the mid-nineties (Tab. 
19). 
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 Tab. 19: Export Shares of Material Categories 
  
 
 
 
 
 
 
Source: Own calculation 
 
4.3. Domestic Material Consumption (DMC) 
The DMC as an indicator for the domestic material consumption follows a similar trend as 
domestic extraction (Fig. 20). Material consumption increased until 1989 and sharply 
declined during the economic crisis in the nineties. The share of the individual material 
categories of the total material consumption remained relatively constant during the 
investigation period: biomass (67%), ores (4%), minerals (21%) and fossil energy carriers 
(7%).  
 
Fig. 20: Domestic Material Consumption  
 
Source: Own calculation 
 
During the prosperous 1970s, absolute material consumption grew 40% from 120 million tons 
(1971) to almost 170 million tons (1979) with an average growth of 5% per year. This trend 
 1973 1983 1993 2003 
Biomass 
95.3% 73.4% 87.1% 59.4% 
Metal Ores 
0.7% 0.9% 3.3% 7.3% 
on-metallic Minerals 
4% 3.4% 9.6% 33.3% 
Fossil Energy Carriers 
0% 22.3% 0% 0% 
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continued in the 1980s, when average material consumption reached the considerable level of 
160 to 180 million tons.  
 
This trend is also reflected in the increasing DMC per capita and per land area respectively. 
Per capita material consumption increased along medium population growth (from 8.5 
milllion to 10.5 million inhabitants) during the first two decades from 14 t/cap/yr (1971) to 18 
t/cap/yr (1989). The DMC per land unit grew from 11 t/ha (1971) to roughly 18 t/ha (1989) 
(Tab. 20). Since the land area remains constant, latter directly reflects the development of the 
absolute DMC. The high DMC per land unit is mainly determined by large quantities of 
extracted sugar cane. That clearly indicates to what great extent land area and thus natural 
ecosystems are affected by extensive sugar cane cultivation.  
 
Table 20 shows domestic material consumption in the four main material categories, in terms 
of total mass flows, mass per capita and per unit of land area. 
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Tab. 20: Domestic Material Consumption by Material Categories 
 
Source: Own calculation 
 
4.4. Material Intensity (MI) 
Material intensity refers to material consumption (t) per dollar of economic output (GDP in 
constant USD). In Cuba, sinking material intensity or rising resource efficiency could be 
observed between 1970 and 2003 (Fig. 21). In the observed period, material intensity declined 
continuously from 11.6 kg/USD (1970) to 2.7 kg/USD (2003); this is a reduction by 77%. 
Between 1970 and 1985 material intensity declined from 11.6 kg/USD to 5.6 kg/USD. This 
development was particularly influenced by the fact that in this period the economy grew 
faster than overall material consumption. The only period where the decline of material 
Domestic Material 
Consumption 
1970 1975 1980 1985 1990 1995 2003 
Material Intensity 
kg/USD 11.6 7.75 7.8 5.65 6.11 4.9 2.7 
DMC, Total 
mio. t 155.6 135.6 160.3 176.8 187.4 104.3 100.0 
t/cap/yr 18.30 14.6 16.5 17.3 17.6 9.5 7.3 
t/ha 11.57 12.35 14.6 15.94 17.07 9.5 5.3 
 
        
Biomass 
mio. t 130.0 90.3 107.2 111.8 130.8 67.0 58.1 
t/cap/yr 15.3 9.7 11.0 11.0 12.3 6.11 5.1 
t/ha 11.83 8.23 9.76 10.18 11.91 6.10 5.29 
 
        
Metal Ores 
mio. t 4.1 4.7 5.0 5.0 5.2 4.9 8.2 
t/cap/yr 0.48 0.5 0.5 0.49 0.49 0.45 0.73 
t/ha 0.37 0.42 0.45 0.45 0.48 0.45 0.75 
 
        
on Metallic 
Minerals 
mio. t 13.8 30.8 37.2 46.3 41.0 23.8 21.5 
t/cap/yr 1.62 3.31 3.8 4.6 3.9 2.17 1.9 
t/ha 1.26 2.81 3.39 4.22 3.77 2.16 1.96 
 
        
Fossil Energy 
Carriers 
mio. t 7.7 9.8 11.0 11.8 10.0 8.7 12.2 
t/cap/yr 0.91 1.05 1.13 1.17 0.94 0.79 1.08 
t/ha 0.7 0.89 1.0 1.08 0.91 0.79 1.11 
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intensity came to a halt was between 1985 and 1991, before it accelerated in the 1990s. It is 
eye-catching that there is no radical break between 1989 and 1993. That simply shows how 
strong economic growth is linked with material use, since declining material intensity shows 
nothing more than the relationship of economic development and resource consumption. 
During the 1990s, material intensity dropped further from 6.1 kg/ USD (1990) to 2.7 kg/USD 
(2003).  
 
Fig. 21: Material Intensity  
 
Source: Own calculation 
 
4.5. The Physical Trade Balance (PTB) 
Balancing imports against exports, Cuba is a net-importer of materials (Fig. 22). Net imports 
amounted to 2.3 million tons in 1970 and peaked in the prosperous 1980s exceeding 10 
million tons (1981). During these decades the growing PTB was to a great extent determined 
by increasing quantities of oil imports. In the same way, lacking oil imports were reflected in 
the physical trade balance after 1989.  
 
In 1991, net imports amounted to 3.5 million tons. In just one year, they dropped almost half 
to less than 2.0 million tons in 1992. The decline of the physical net imports was mainly a 
consequence of collapsing fossil fuel imports in the early nineties. Between 1994 and 1999 
the physical trade balance rose again and fluctuated around 6.0 to 7.0 million tons. From the 
mid-nineties, the rising PTB was mainly caused by declining sugar exports. The collapse and 
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overall lower level of PTB after 1989 were the result of a dynamic mix of crashing crude oil 
imports and reduced sugar exports. 
Fig. 22: Physical Trade Balance 
 
 
Source: Own calculation 
 
5. The Cuban Physical Economy 
5.1. Structure  
This chapter discusses the structure of the physical economy and trends of dematerialization, 
material consumption and material intensity. 
 
Cuba has a relatively high material consumption, with 10.3t/cap/yr, or respectively up to 18 
t/cap/yr in times of industrialization of the command economy. Cuba’s DMC is clearly higher 
than the DMC of most Central American countries or European industrial nations. The high 
DMC for Cuba as compared on an international scale (2000, DMC [t/cap/yr]: Cuba: 10.3; 
India: 5.5; Italy: 12.5 – source: Krausmann et al. (2008a) needs to be seen mainly as a 
consequence of extensive sugar cane cultivation and is influenced by the high moisture 
content of sugar cane (83% moisture). Compared to the high level of sugar cane extraction 
and food imports, sugar exports appear low since these are traded in a concentrated form as 
refined cane sugar, syrups and molasses. In this way, apparently much material remains 
within the Cuban economic system. In Cuba, an average of 90% of the material associated 
with sugar cane production destined for export remains on the island.  
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The same applies to the DMC of nickel. Nickel mining entails the mobilization of huge 
amounts of material since this metal holds a relatively small metal content of less than 1%. In 
order to obtain 10 kg nickel 1 ton gross ore needs to be extracted. Since nickel is exported in 
concentrated form of an intermediate product even 98% “waste” associated with the raw 
material nickel remains on Cuban territory.  
 
The DMC therefore is also referred to as an indicator for the domestic waste potential (Weisz 
et al., 2006). The DMC is used for indicating environmental pressures. It demonstrates to 
what great extent the material burden and environmental costs of raw material exports lie 
within the territory of the exporting country. 
 
The DMC for non-metallic minerals reflects the DE of minerals. This has to deal with the fact 
that construction minerals are rarely traded low-cost commodities, rather extracted and 
consumed in situ since transport costs are high compared to production costs (Weisz et al., 
2006). As a consequence, the relatively high DMC for minerals is due to large quantities of 
extracted construction minerals and comparatively small amounts of exported sand, gravel 
and cement. Hence, for construction minerals a DE/DMC ratio of almost 1 arises, which 
expresses the localism of this material group.  
 
In terms of weight, the DMC of fossil energy carriers and metal ores turns out to be relatively 
low. The development of metal ores, however, features dynamic growth determined by an 
intensification of nickel mining from the mid-nineties. A more detailed illustration of resource 
consumption by material categories and material intensity can be found in table 20. 
 
As mentioned before, the Cuban DMC shows relatively strong fluctuations. The economic 
crisis in the early 1990s, declining sugar production, low construction activity, and last but 
not least, strongly reduced oil imports led to a drastic reduction of the DMC. During the 
1990s the absolute material consumption fell 47% from 195 million tons (1989) to 105 
million tons (1995). In the same period, the DMC per capita dropped even more (minus 50%) 
from 18t/cap/yr to 10 t/cap/yr due to continuous population growth. This development also 
needs to be interpreted as an expression of reduced economic activity and material shortage as 
a consequence of the scarcity economy after 1989. In the course of the 1990s, the DMC 
remained largely constant, around 100 million tons (10t/cap/yr). 
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Between 1970 and 2003 a relative decoupling of material consumption (DMC) and economic 
development (GDP) was observed. While dematerialization between 1970 and 1989 was the 
result of a relative decoupling due to moderate growth of material consumption along with 
strong economic growth, dematerialization after the economic collapse in 1989 was the result 
of an absolute decoupling due to material stability (stagnant DMC) together with accelerated 
economic growth (rising GDP) between 1993 and 2003. The apparent dematerialization after 
1993 occurred not through an increase in efficiency but through reduced material use 
(lower/stable DMC) as a consequence of the economic crisis. While GDP grew 40% after 
1993, DMC fell 7%. 
 
Accordingly, material intensity, which expresses the relationship of economic development 
and material use (DMC/GDP [t/kg]), declined continually during the observed period. 
Material intensity only came to a halt in the 1980s and did not indicate the break observed for 
DE, DMC and GDP between 1989 and 1993. That shows how closely economic growth is 
connected to material use.  
 
Signs for dematerialization after 1993 indicate structural change and a shift from an export 
oriented, agricultural development model towards a quality based development focusing on 
services. The decoupling of material use and economic growth between 1993 and 2003 
occurred along with a growing tourist industry, which increasingly replaced sugar production 
as the main source of income and foreign currency. By 2003 a major share of the GDP was 
generated by the tourist industry (Mesa-Lago, 2005). Nickel extraction might have increased 
GDP between 1993 and 2003, but did not affect DMC, because nickel exports in terms of 
weight were only of minor importance. 
 
In summary, Cuba increased its national income along declining material intensity and 
reduced overall material consumption. On the other hand, the Cuban case shows how closely 
economic growth is linked with material use. 
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5.2. Development  
In this section the development of several socio-economic indicators will be discussed in the 
context of Cuban development between 1970 and 2003. 
 
The development of the Cuban physical economy follows three phases. These phases are 
reflected in the development of most material flows, economic and physical parameters. GDP, 
HDI, PTB, DMC, DE, imports and exports are all affected by this development, in such a way 
typical for Cuba: Increase (1970-1989), decline (1989 and early 1990s) and stabilization (after 
1993). Only material intensity (DMC/GDP) shows a linear decline along moderate population 
growth (Fig. 23).  
 
Fig. 23: GDP, DMC, Material Intensity and Population 
 
Source: Own calculation 
 
Growth (1970-1989) 
Economic and physical growth, and a high level of most material flows and MFA derived 
indicators were characteristic of this period (Tab. 21). The 1970s and 1980s were a 
prosperous period in terms of social, economic and industrial development. Various factors 
stimulated economic growth and material use in this period. 
  
The integration into COMECON in 1972 allowed access to large and secure selling markets, 
loans and economic assistance. It granted sales at preferential prices due to long-term trading 
agreements; in addition, five-year plans helped in setting productive goals and planning the 
economic output. Large investments in the basic industries, increased construction activities, 
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high fossil fuel imports and intensive land use based on sugar cane production, were 
characteristic for this period. These factors led to industrial and economic development, but 
also increased the dependence on oil imports and encouraged an agricultural development 
model based on the export of cash crops. In that period the extraction and the export of raw 
materials (sugar and nickel) were essential activities for earning foreign currency, financing 
industrialization and social development. The rising PTB in that period was highly 
determined by large amounts of fossil fuel imports. 
 
Collapse and economic recession (1989-1993)  
Most material flows, physical and economic indicators crashed between 1989 and 1993. GDP, 
DMC and PTB, which had increased continually during the 1970s and 1980s, plunged down 
between 1989 and 1993 (Tab. 21).  
 
The collapse of the former USSR in 1989 marked a radical point of change in socio-economic 
and environmental terms. Changing patterns of trade (the loss of foreign trading partners, 
important export markets and long-term contracts) provoked a structural change of the 
physical economy and its energy system. Fossil fuel imports and sugar exports, necessary for 
social, industrial and economic development, crashed in 1989. The economic crisis in the 
early nineties was accompanied by an energy crisis. A lack of foreign currency forced Cuba to 
reduce fossil fuel imports. Energy shortage and lacking investments in turn resulted in low 
construction activities and maintenance problems of industrial facilities and infrastructure.  
 
Recovery and restructuring (1993-2003)  
Most material flows and MFA derived indicators recovered after 1993 and stabilized on an 
overall lower level. While GDP rose after 1993, DMC flattened mainly due to declining sugar 
cane extraction and low construction activity. Material use that showed some volatility with 
economic growth before 1989, lowered and remained quite stable in this period. At this stage 
a shift from the traditional specialization in agricultural exports towards a service economy 
took place, with the important exception of nickel exports, which increased during this period. 
The overall lower level of PTB was mainly due to reduced fossil fuel imports during the 
1990s. Fossil fuel imports decreased considerably in favor of increasing domestic extraction 
of crude oil and energy recovery from sugar cane by-products. 
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Tab. 21: Phases of Development  
 
 
 
 
 
 
 
 
Source: Own calculation 
 
5.3.  Material Backbone of the Physical Economy 
 
The structure of the Cuban economy shows little diversification, based on the production and 
export of few raw materials (sugar cane and nickel) and highly dependent on energy imports 
(crude oil). This chapter highlights the detailed material flows of sugar cane, nickel and crude 
oil as three key aspects of the Cuban economy. An analysis of these materials on a more 
disaggregated level provides deeper insights into the development of the physical economy. 
Due to their high socio-economic importance as strategic raw materials and export 
commodities, the dimension and dynamics of the nickel and sugar cane flow will be analyzed 
in an economic-political context from 1970 to 2003. Finally, the structure of the Cuban 
energy system will be examined, focusing on fossil energy carriers and electricity.  
 
5.3.1. Sugar Cane 
Sugar cane is the most important primary crop commodity for the Cuban economy. The 
magnitude of the Cuban metabolism was highly determined by the huge amounts of extracted 
sugar cane, accounting for 40% of the total domestic extraction between 1970 and 2003 (Tab. 
22). The amount of sugar cane as a share of biomass extraction accounted for 56%. Sugar 
exports made up 95% of the total biomass exports and 80% of all physical exports between 
1970 and 2003. The high share of sugar exports and domestic extraction reflects the great 
importance of sugar cane compared to other crop commodities and emphasizes its high socio-
economic value to the Cuban economy.  
 1970-1989 1989-1993 1993-2003 
GDP 
+135% -35% +41% 
PTB 
+90% -70% +62% 
DMC 
+25% -45% -7% 
DE 
+22% -46% -11% 
POP 
+24% +3% +4% 
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Tab. 22: Sugar Cane as a Share of Domestic Extraction 
 1970 1980 1990 2003 
Sugar Cane (% of DE) 54.4% 42.3% 45.3% 
24.9% 
Source: Own calculation 
 
Figure 24 shows the development of sugar cane extraction in Cuba between 1970 and 2003. 
 
Fig. 24: Domestic Extraction Sugar Cane 
 
Source: FAO (2004) 
 
Sugar cane traditionally has played an important role in the Cuban economy and foreign trade 
(Funes Monzote, 2004). The Cuban growth model between 1970 and 1989 focused on 
accelerated industrial development financed with the income generated by the sugar industry 
(Monreal, 2003). The choice of agriculture as a stimulant for industrialization was made 
considering the availability of land area, comparative advantage towards other sectors due to 
efficiency, know-how and short circles of maturation allowing quick revenues from short-
term investments (Alvarez Gonzales, 1998). Contracts were signed with the former USSR 
that guaranteed the assured sale of 24.1 million tons of Cuban sugar between 1965 and 1970 
at an agreed price of 6.11 USD cents per pound (Alvarez Gonzales, 1998). 
 
In 1970, the production of sugar cane reached its historical peak (Alvarez Gonzales, 1998), 
amounting to 83 million tons or 10 t/cap/yr and accounting for 98% of the extracted biomass. 
There was a cut in the extraction of sugar cane in 1972, when it reached only 60% of the 
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output produced in 1970. Declining export and production figures at that time went along 
with a reduction of the harvest area (-20%) and sugar yield (-30%). After 1972, sugar cane 
extraction recovered and increased steadily until it culminated again in 1979, reaching 77 
million tons or 8 t/cap/yr.  
 
Various factors stimulated sugar production. The entrance of the Cuban nation in the Council 
for Mutual Economic Assistance (COMECON) in 1972 allowed a beneficial integration in the 
Socialist division of labor. The COMECON countries represented large, secure and stable 
selling markets. Foreign trade relations between Cuba and other Socialist countries permitted 
granted sales at favorable conditions and assured prices lying above world prices (Alvarez 
Gonzales, 1998) and thus protected the economy against total exposure to the fluctuations in 
the world market. The five-year plans 1976-1980, 1980-1985, 1986-1990 helped in planning 
the economic output and setting productive goals. These and other factors could explain how 
it was possible to maintain sugar extraction at such a high level over an extended period of 
time. In that period sugar cane production stabilized at around 70 million to 80 million tons 
until it peaked in 1989. In 1989, the production of sugar cane corresponded to 1,260 times the 
production of corn and 170 times the production of rice.  
 
A relatively high share of the permanent cropland in Cuba was dedicated to the production of 
sugar cane (1970-1989: 40%, 1993-2003: 25%). This had significant effects on the food 
supply in Cuba. Because most arable land was used for the production of sugar cane destined 
to export, large amounts of other important food crops (mainly cereals, e.g. wheat, rice and 
corn) had to be imported. Intensive land use based on massive inputs of fertilizers and 
herbicides in the Cuban agriculture throughout the 1980s was accompanied by growing sugar 
yield. Environmental pressures related to sugar production, e.g. erosion, poor soils and 
contamination of rivers are also characteristic for that period. 
 
Cuba´s trade patterns and agriculture specialized in the production of sugar cane contributed 
to industrial and economic development between 1970 and 1989. The collapse of the Socialist 
community marked a radical point of change in socio-economic and environmental terms. It 
meant the total lack of foreign trade partners, the absence of loans and long-term contracts, 
and a complete loss of important export markets. These factors inter alia caused a severe loss 
in sugar cane extraction throughout the nineties. By the end of the Cold War, sugar cane 
production dropped from 82 million tons or 8 t/cap/yr produced in 1989 to 43 million tons or 
National Material Flow Analysis: Cuba  Susanna Eisenhut 
 72
4 t/cap/yr in 1993. In addition, falling world market prices (Mesa-Lago, 2005; Gaese, 2002) 
were not able to stimulate sugar production sufficiently. In 2003, sugar cane production 
amounted only to 22 million tons (2 t/cap/yr), which was less than a third compared to that of 
1970 (Tab. 23).  
 
Changes in both, sugar cane harvest area and yield reduced the production of sugar cane in 
that period. First, there was a considerable change in yield between 1989 and 2003. The sugar 
cane yield dropped more than half from 60t/ha in 1989 to 28t/ha in 1995. This efficiency loss 
was caused probably by decreasing inputs in agriculture. The import of fossil fuels, and the 
input of fertilizers and herbicides fell drastically during the 1990s, from 0.6 to 0.1 million 
tons (Tab. 22). On the other hand, sugar production figures correlated with the sugar harvest 
area. This means that decreasing extraction of sugar cane during the 1990s was also a direct 
consequence of the reduced harvest area, which declined from 1.4 mio. ha in 1990 to 0.7 mio. 
ha in 2003 (see Tab. 22). This was probably the response to falling sugar world prices and 
efficiency losses in agriculture as a consequence of fuel shortage and deficient fertilizer 
imports (see also Lippmann et al., 1997).  
Tab. 23: Sugar Cane Indicators 
 1970 1975 1980 1985 1990 1995 2000 2003 
Absolut DE Sugar Cane (mio t.) 
82.9 52.4 64.0 67.4 81.8 33.6 36.4 22.9 
Per capita DE Sugar Cane 
(t/cap/yr) 
9.7 5.6 6.6 6.7 7.7 3.0 3.3 2.0 
Share of Sugar Cane of Total DE 
(%)  
54.5 40.9 42.3 40.6 45.3 34.4 33.3 24.8 
DMC Sugar Cane (t/cap/yr) 
8.8 5.0 5.9 6.0 7.0 2.8 2.9 1.8 
Sugar Exports (mio t) 
7.8 6.1 6.7 7.1 7.6 2.7 3.6 1.9 
Share of Sugar Exports of 
Biomass Exports (%) 
99.0 98.0 95.4 91.8 93.4 96.4 96.0 95.5 
Harvest Area (mio. ha) 
1.5 1.2 1.4 1.4 1.4 1.2 1.0 0.7 
Sugar Cane Harvest Area as a 
Share of Agricultural Area(%) 
29.8 20.3 23.4 21.7 20.4 17.0 14.6 9.8 
Sugar Yield (t/ha) 
55.4 44.3 46.0 50.0 57.6 28.5 34.9 35.0 
Fertilizer Input 
(Production+Import) (mio t) 
0.4 0.4 0.5 0.7 0.6 0.3 0.1 0.1 
Source: Own calculation based on FAO (2004) 
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5.3.1.1. Use of sugar cane crop residues and industrial sugar by-
products 
Extensive sugar cane production as practiced in Cuba brings about the production of huge 
amounts of residues and by-products. Sugar cane residues and by-products represent a 
relatively large flow, quite significant to the Cuban economy due to their relatively high 
socio-economic value and low-cost benefits. In Cuba, special attention has been given to the 
research of sugar cane by-products and crop residues (Quiroz et al., 1997 and Aguilera 
Corrales et al., 2005) and their incorporation in the sugar production process itself (Perez, 
1992 and Valdes Delgado et. al, 2001). Sugar cane crop residues and by-products can 
contribute to increasing the economic value-added to sugar production (e.g. reduce fossil fuel 
consumption, water use and chemical fertilizer inputs) and have great potential for the 
application of organic technologies (wastewater for irrigation, straw coverage to decrease 
weed formation, sowing in contour to reduce erosion, compost, ashes and filter cake to 
fertilize soil).  
 
Residuals obtained from sugar cane production are divided into crop residues produced at 
harvest (residues produced at the agricultural stage of raw sugar cane production that remain 
on the field, e.g. straw, leaves used as animal feed, herbicides and substitutes for fossil fuel) 
and by-products obtained from industrial sugar processing (residues produced at the industrial 
stage during sugar production, e.g. bagasse, molasses, ashes, filter cake).  
 
Sugar cane crop residues play a vital role in Cuban farming and feeding systems. In total, 
residues account for 42% of the total sugar cane biomass production. Out of this fraction 
around 90% are used further. It is assumed that 66% of the residues used are made available 
for animal feeding. The production of sugar crop residues of course is closely linked to the 
production of sugar cane. Therefore the residues production curve shows similar trends as 
sugar extraction (Fig. 25). Between 1970 and 2003 approximately 95% of total crop residues 
produced in Cuba came from the cultivation of sugar cane. During the 1990s, the production 
of crop residues dropped simultaneously corresponding to the falling production of sugar 
cane. 
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Fig. 25: Used Crop Residues 
 
Source: Own calculation based on FAO (2004) 
 
Sugar cane crop residues comprise the fraction of residues that is produced at the harvest and 
left on the field, e.g. straw and leaves. Sugar crop residues can be further used as animal feed, 
herbicides and as substitutes for fossil fuels (Tab. 24). Mainly fibrous crop residues, e.g. cane 
tops, green and dry leaves, pressed stalk, chopped whole or derinded sugar cane are used as 
cattle feed (Preston, 1995). 
 
Tab. 24: Use of Sugar Cane Residues 
Form Use Environmental Effect 
Cut 
Steam Generation for  
• Manufacturing 
• Electricity Production 
Substitution for fuel oil 
Densified 
Cooking Substitution for firewood, charcoal, gas 
oil or kerosene 
Cut or atural 
Animal feed Substitution for market feed 
atural 
Soil coverage Substitution for herbicides and to 
maintain soil humidity 
Source: Valdes Delgado et. al, (2001) 
 
By-products originate from industrial sugar processing and comprise residues produced at the 
industrial stage of sugar production, e.g. bagasse, molasses, ashes, filter cake (Fig. 26). 
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Fig. 26: Production of Sugar Cane By-Products 
 
 
Source: Almazan et al. (1998), modified 
 
Final molasses and cane juice are used for the production of alcohol, paper and 
animal feed. Molasses are mostly fed to non-grazers due to their high energy value and high 
digestibility. Molasses, syrups and concentrated juice are broadly used for pig feeding. 
Between 1970 and 1989 cane juice, syrups (Valdes Delgado et. al, 2001) and “C” molasses 
mixed with Peruvian fishmeal (Preston, 1995) were also used as cattle feed in Cuba. More 
recently dried sugar cane leaf meal mixed with “B” molasses is used as chicken feed (Preston, 
1995).  
 
Bagasse is similar to soft wood, consisting of fibre, pith, non-soluble solids and water. 
It represents a valuable raw material for fuel and energy production. In Cuba 90% to 92% of 
the produced bagasse are used for the generation of electrical power for the sugar industry 
(Valdes Delgado et al. 2001). After chemical and mechanical treatment, bagasse is also used 
as animal feed and for the production of pulp, paper, particle and fibre boards (Almazan et al., 
1998). Particularly the bagacillo treated with sodium hydroxide and some fraction of pith are 
used for cattle feeding (Preston, 1995). 
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Filter cake, which contains nitrogen, phosphorus, potassium and organic matter, can 
be used in the production of organic and mineral ferilizers, and in the production of animal 
feed, biogas, compost and wax (Valdes Delgado et al. 2001). 
 
Compost, which is produced from crop resides, filter cake, bagasse, distillery 
residuals, animal manure and other organic matter, facilitates the fixation of nitrogen from the 
air, water retention, return of soil nutrients and increases the action of inorganic fertilizers 
(Valdes Delgado et al. 2001). 
 
Biogas, produced from a mixture of residual water and filter cake, results from a 
decomposition of these components under anaerobic conditions. Biogas is used for the 
generation of electric energy and as a substitute of fossil fuels in households and industrial 
processes; mud resultant from biogas production can be used as organic fertilizer (Valdes 
Delgado et. al, 2001). The use of biogas reduces deforestation, soil erosion and the emission 
of greenhouse gases. The use of waste waters for irrigation purposes, after cooling and 
cleaning, reduces water consumption. 
 
Figure 27 shows the role of sugar cane residues and by-products for animal feeding in Cuba. 
 
Fig. 27: Sugar and on-Sugar Animal Feed 
 
Source: Own calculation based on FAO (2004) 
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Usually the DMC of raw material exporting countries, many of which are developing 
countries, is high, because wastes and residues remain in the country. In most cases, so-called 
wastes offer great possibilities for recycling, and if adequately treated, have a positive 
environmental and economic impact. In the case of Cuba, crop residues and by-products of 
the sugar cane industry are broadly reused as industrial and agricultural raw materials, e.g. for 
the production of energy, paper, boards, herbicides, fertilizers and animal feed.  
 
5.3.2. Nickel 
Although nickel gross ore production represents a minor fraction of the total domestic 
extraction (1970-1989: 2.5%; 1993-2003: 5.6%), it is an important mineral and export 
commodity for Cuba and from a global perspective. Cuba possesses the third largest nickel 
reserves in the world, amounting to 800 million tons of proven nickel and cobalt reserves 
(Reuters, 2008; Österreichisch Kubanische Gesellschaft, 2008) accounting for 34% to 38% of 
the world´s known nickel ore reserves. (Rabchevsky, 1994; Reuters, 2008). Nickel ore, which 
in Cuba mainly appears in lateritic deposits (Ashok et al., 2004), is currently mined in three 
mines in Punta Gorda, Nicaro and Moa Bay. Cuba, being the 6
th
 largest producer of nickel 
(Villanueva, 2000), produced an average of 4.5 million tons nickel gross ore/yr between 1970 
and 2003 (Fig. 28).  
 
Fig. 28: Domestic Extraction ickel 
 
Source: United Nations Industrial Commodity Statistics Database (2004) and USGS (2006) 
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The average annual extraction of nickel gross ores between 1970 and 1989 amounted to 3.7 
million tons/yr during the 1970s and increased only slightly in the first half of the 1980s to 4 
million tons/yr on average. The stable amounts of extracted nickel ore on a relatively high 
level in that period (88% of DE ores) was due to efficiency and productivity gains thanks to 
rising investments and economic assistance. Outdated facilities of the nickel industry 
constructed prior to 1959 with North American capital, were rehabilitated, modernized and 
upgraded in collaboration with the USSR. In the 1980s, two plants were constructed in Las 
Camariocas and in Punta Gorda in cooperation with the former USSR and the Council of 
Mutual Economic Assistance. (Alvarez Gonzales, 1998). These investments had an impact on 
rising production volumes. Between 1985 and 1989 alone, the production of nickel gross ore 
grew 30% from 3.5 million tons 1985 to 4.5 million tons (1988).  
 
During the economic crisis in the early 1990s nickel extraction saw dramatic losses. It 
declined by 45% between 1989 and 1993. In the same period the annual production of nickel 
fell from 4.8 million tons gross ore in 1989 to 2.6 million tons produced in 1994. These losses 
in output were mainly due to lacking investments, maintenance problems, a change of the 
refinery personnel, shortages of electrical energy, a lack of fuel, machinery spare parts and 
chemical reagents between 1989 and 1993 (Ashok et al., 2004 and Rabchevsky, 1994). 
Changing patterns of trade, the absence of subsidies, the loss of former foreign trading 
partners and important export markets also caused disruptions in the extraction of nickel after 
1989, since nickel production and export were closely connected. Prior to 1989, some 73% of 
the total nickel exports had been absorbed by the COMECON market (Álvarez Gonzáles, 
1995). Nickel exports broke down somewhat delayed in 1994, minus 97% compared to 1993. 
Until then nickel exports were artificially inflated by a rundown of stocks accumulated in the 
late 1980s (Rabchevsky, 1994). 
 
In Cuba basic industry still is a leading sector in the generation of income. Seeking the re-
integration into the world market in the 1990s, nickel represented a strategic raw material and 
replaced sugar in its significance as top export commodity and a major source of foreign 
currency (Fig. 29). 
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Fig. 29: ickel and Sugar Cane  
 
Source: FAO (2004) and USGS (2006) 
 
Between 1994 and 1996 nickel extraction doubled, increasing outputs from 2.6 to 5.3 million 
tons gross ore per year (Tab. 25). Between 1993 and 2003 the average annual growth rate of 
nickel extraction was 9%. Increased nickel extraction in that period had various causes. In 
1993, in response to the collapse of the Socialist market and to attract foreign investments, a 
significant change of the 1976 constitution recognized private property, foreign investment 
and ownership in joint venture deals (Rabchevsky, 1994). The new Mining Act of 1994 (Law 
No. 76) and the Foreign Investment Act launched in 1995 (Law No. 77) facilitated further 
investment by international corporations, opening all sectors to foreign investment and 
allowing also full participation of foreign capital even without Cuban partners (Alvarez 
Gonzales, 1995; Torres, 1995). Growing demand and relatively high world prices for nickel 
in the past years (International Nickel Study Group, 2008) have attracted foreign capital and 
in turn stimulated production. In 1994, the state-run Compania General de Niquel S.A. 
formed a joint venture with the Canadian Sherritt Inc. including mineral concessions and 50% 
of the Moa assets (Torres, 1995). In 2004, China signed 16 agreements that included 
investments over USD 500 million in the completion of the abandoned ferronickel plant in 
Las Camariocas and the establishment of a joint venture holding 49%. Cuba in turn granted 
the supply of 4,000t/yr of nickel from 2005 to 2009 (Bermudez Lugo, 2004). 
  
Foreign investments surely helped to boost nickel production, upgrade plants and to overcome 
maintenance problems. However, it is necessary to examine the legal character and structure 
of these contracts in order to evaluate their impact on Cuban physical economy and its 
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material flows. Further studies need to be conducted on issues related to foreign direct 
investment and privatization, e.g. high mobility of business activities, free transference abroad 
of net profits or dividends, tax reduction, decreasing public revenues, indefeasibility, short 
term profit orientation at the expense of environment protection measures, salaries and wages 
(Becker et al., 2003). 
 
Nickel mining is associated with considerable environmental pressures. Two principal 
hydrometallurgical operations are employed in Cuba for the treatment of nickel laterites. At 
the Nicaro and Punta Gorda plants the Caron process is applied using atmospheric ammonia 
leaching of reduced nickel in order to obtain nickel-oxide sinter; Pressure Acid Leach (PAL) 
is used in the Moa plant in order to obtain mixed nickel-cobalt sulfide (Ashok et al., 2004). 
One of the most polluting processes in Cuba is the reduction-ammonia leaching process used 
at the Nicaro and Punta Gorda plants releasing extensive dust emissions. Hydrogen sulfide 
acid used in the Moa plant to precipitate nickel and cobalt at present is disposed as untreated. 
Its gas has also a high solubility in water and is highly corrosive (Rabchevsky, 1994). Health 
hazards and environmental contamination caused by chemical reagents and metal wastes 
related to nickel and cobalt recovery need to be further examined.  
 
Tab. 25: ickel Indicators 
 1970 1975 1980 1985 1990 1995 2000 2004 
Absolute DE ickel (mio t. 
gross ore) 
3.78 3.83 3.92 3.45 3.9 4.19 6.99 7.6 
Absolute DE ickel (mio t. 
net ore) 
0.036 0.037 0.038 0.034 0.038 0.040 0.068 0.074 
Per capita DE ickel 
(t/cap/yr) 
0.44 0.41 0.40 0.34 0.37 0.38 0.62 0.65 
Share of ickel of total DE 
(%) 
2.48 2.99 2.59 2.08 2.18 4.29 6.40 8.26 
Share of ickel of DE Ores 
(%) 
95.19 89.84 88.51 83.32 86.18 85.41 82.78 91.59 
ickel Exports (mio. t) 
0.035 0.031 0.038 0.032 0.303 0.008 0.126 0.12 
Source: Own calculation 
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5.3.3. Fossil Fuels and the Cuban Energy System 
According to Perez et al. (2005), in 2002 Cuba’s energy supply was dominated by 78.2 % of 
fossil fuels (47.1% crude oil, 26.4% diesel, fuel and other oils, and 4.4% associated gas), 
19.2% from sugar cane biomass and 2.4% from wood. Coal and coke (0.3%), and other 
energy sources (0.02%) are of minor importance. In 2002, windmills, biogas, hydraulic 
systems, photovoltaic and wind systems contributed 0.22% of the total energy supply. In 
electricity generation, fossil fuels were predominant (93.3%), while the use of renewable 
resources was limited to 6.7% in 2002 (Fig. 30). 
 
Fig. 30: Total Primary Energy Supply 2002  
 
Source: Perez et al. (2005) 
 
Figure 31 shows the total domestic energy supply by energy carrier between 1970 and 2003. 
The total energy supply increased during the 1970s and 1980s by 60% in accordance with the 
energy-intensive development in social, economic and industrial terms. The energy crisis in 
the early 1990s resulted in a decline of the domestic energy supply. After economic recovery 
in the mid-1990s total energy supply did not increase and remained below the level of the 
1970-1989 period. Mainly industry was affected by energy savings, while the household and 
service sectors recovered more rapidly. In 2003, the primary energy supply of biomass and 
fossil fuels was lower than in 1970, while the production of natural gas and electricity 
increased. 
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Fig. 31: Domestic Energy Supply by Energy Carrier 
 
Source: IEA (2002) 
 
The energy use by sector changed after 1989 due to structural changes in the domestic 
economy: away from the export-oriented agricultural and industrial development model of the 
1970s and 1980s towards a service-based economic policy. These changes resulted in lower 
overall energy use in industry and agriculture and higher energy use in low energy sectors 
(services, households and transportation) (see Tab. 26). The growing energy use in the service 
sector is in particular related to the increase of tourism since 1995. However, like in most 
economies, the major share in energy use is found in industrial sectors (mainly steel, nickel, 
sugar cane, cement, construction materials, food) (Perez et al., 2005). 
Tab. 26: Energy Use by Sector 
 1970 2002 
Industry 
76.0 64.1 
Transport 
6.6 9.3 
Services 
10.2 14.0 
Household 
7.2 12.6 
Source: Perez et al. (2005) 
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5.3.3.1. Fossil Energy Carriers 
What is remarkable about the Cuban energy system is that it is almost entirely based on 
imported fossil fuel and some energy recovery from sugar cane by-products. High oil imports 
along with low domestic extraction and low exports illustrate the high degree of external 
dependence on fossil energy imports, which is, in such a way, characteristic for Cuba. Very 
interesting is the absence of coal as an energy carrier within the Cuban energy system.  
 
Between 1970 and 1989 oil imports increased from 7.6 to 14 million tons/yr, due to 
accelerated industrial and economic development in that period, when there were safe and 
stable amounts purchased from the former Soviet Union at preferential prices (Perez et al., 
2005). Between 1989 and 1993 fossil fuel imports dropped more than half from 14 million 
tons to 6.5 million tons (Fig. 32).  
 
The economic crisis and changing patterns of trade during the 1990s triggered a structural 
change of the energy system. There were various economic and political reasons for 
collapsing crude oil imports between 1989 and 1993: the collapse of the former USSR, the 
loss of long-term trade agreements and trading partners, and a lack of financial support and 
foreign currency forced Cuba to reduce its fossil energy imports. There were two basic 
approaches to encounter energy shortages; one was to increase the domestic extraction of 
crude oil, the other focused on energy recovery from sugar cane residues and by-products. 
 
The National Energy Sources Development Program of 1993 aimed at progressively reducing 
energy imports by increasing the domestic extraction of crude oil and natural gas for 
electricity generation and promoting a more efficient use of bagasse and sugarcane residues 
for energy production (Perez et al., 2005). Consequently, in the 1990s crude oil imports 
decreased diametrically as domestic extraction of crude oil and gas increased. That shows 
how from then on oil demand was increasingly covered by domestic crude oil extraction 
rather than oil imports. This trend reflects the efforts of the Cuban Government to substitute 
oil imports to face the energy crisis of the early nineties. Despite this, the DE of crude oil 
could not compensate for the reduced oil imports. Consequently the domestic energy supply 
declined after 1989, resulting in energy shortage. 
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Fig. 32: Oil Trade and Domestic Extraction 
 
Source: IEA (2002) 
 
There was a major shift in the structure of the Cuban energy system after 1989. The strategy 
was to secure the domestic oil supply by reducing expensive energy imports and increasing 
domestic oil extraction with the aid of foreign direct investment in the petroleum sector. In 
order to overcome decapitalization, foreign direct investment was needed for the exploitation 
of existing wells and the exploration for new deposits. In the early nineties, international oil 
companies from Canada, France, Sweden, Brazil, Spain and the U.K explored in Cuba (Perez 
et al., 2005; Villanueva, 2000). In 2004, 174 petroleum wells were in production, 170 of 
which are located in Matanzas region, east of Havana (Bermudez Lugo, 2004). The 
production of crude oil between 1993 and 2003 could be increased mainly due to foreign 
investments, modernization and the use of more efficient technology, e.g. horizontal 
perforation and modern pumping system (Villanueva, 2000). However, the great participation 
of foreign oil companies in the Cuban energy sector represents a new form of external 
dependency on foreign capital.  
5.3.3.2. Electricity  
The production of electrical power is not subject to this MFA, nevertheless it provides 
information on the structure of the energy system of a physical economy, e.g. the electricity 
supply of society and the use of fossil fuels and sugar cane biomass for electricity production. 
I will give a few structural descriptions of the Cuban electricity sector, principal energy 
sources and electricity generation. 
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Between 1970 and 1989 per capita electricity supply increased by 150% from 5,000 GWh 
(0.6 MWh/cap) to 15,240 GWh (1.5 MWh/cap) in accordance with the energy-intensive 
economic and social development of the country in this period. During the energy crisis in the 
early 1990s electricity production fell abruptly to 11,000 GWh or 1 MWh/cap (1993) and 
recovered in the mid 1990s, so that by 2003 it reached the level of 1989. Overall electricity 
supply tripled between 1970 and 2003 (Fig. 33). However, from a global perspective current 
per capita energy consumption in Cuba is quite low. 
 
Fig. 33: Per-Capita Electricity Supply  
 
Source: IEA (2002) 
 
In the 1970 – 1989 period electricity consumption by sector remained quite stable (Industry 
50%, Agriculture 4%, Services 18%, Households 26%) (Fig. 34). After 1989 electricity use 
dropped in all sectors. Mainly facilities of the industrial, agricultural and service sectors were 
affected by energy shortages. Many industries were closed due to a lack of fuels and electrical 
power. Supply constraints and blackouts were common and occurred daily at that time. In 
general, households were less affected by energy shortages, because social goals were 
prioritized (Perez et al., 2005). Between 1989 and 1993 a structural change of electricity 
consumption patterns by sector occurred (Industry -20%, Agriculture -50%, Services +25%, 
Households +30%). 
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Fig. 34: Share of Electricity Consumption by Sector 
 1970 1989 2003 
Industry  
50.1% 51.1% 31.9% 
Agriculture  
3.6% 3.8% 1.6% 
Commercial and Public Services 
19.6% 17.7% 26.2% 
Residential  
25.9% 27.3% 40.3% 
Source: IEA (2002) 
 
In the period of economic recovery after 1993, electricity use in services and households grew 
at a greater speed than in the industrial sector (Fig. 35).  
 
Fig. 35: Electricity Consumption by Sector  
 
Source: IEA (2002) 
 
Electricity demand growth in households was limited due to restrictions imposed on 
purchasing new high-consumption electric appliances and the introduction of a new tariff 
system, e.g. increased and staged electrical tariffs for households and non-household sectors 
based on voltage levels, schedule of use and type of consumer. The implementation of the 
Cuban Electricity Conservation Program, subsidized programs (distribution of energy-saving 
bulbs; replacement of households’ refrigerator door gaskets) and energy conservation 
information campaigns (educational programs, advertisements and promotional videos) 
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achieved adjustments (i.e., outside peak hours) and reductions in demand after 1997 (Perez et 
al., 2005).  
 
Between 1970 and 2003 the role of fossil fuels for electricity generation increased from 80% 
to 95%. In the same period the share of sugar cane biomass fell from 18% to 4.6% in 
accordance with decreasing sugar production, the share of hydro and wind power fell below 
1% (Tab. 27). 
 
Tab. 27: Energy Sources for Electricity Production 
 1970 2002 
Oil 
80% 86% 
Gas 
- 9.1% 
Biomass 
18.0% 4.6% 
Hydro and Wind 
1.9% 0.8% 
Source: Perez et al. (2005) 
 
Most electrical power generated in Cuba between 1970 and 2003 was produced by thermal 
power plants and by heat and power plants of the sugarcane industry. The use of crude oil in 
thermal power plants, many of which were designed to run with fuel oil, caused massive 
efficiency losses during the energy crisis of the nineties (Perez et al., 2005). Adaptations of 
thermal power plants in order to use domestic crude oil and the incremental use of associated 
gas in gas turbines for electricity generation, increased energy efficiency and lowered fuel use 
in electricity generation in the late 1990s (Perez et al., 2005).  
 
In the 1990s alternative sources for electricity generation started to be used. In 2002, 169 
hydroelectric power plants, 6767 windmills for water pumping, 139 biogas digesters, 7 wind 
generators and 45 hydraulic ram pumps were in operation (Perez et al., 2005). However, these 
renewable energy sources play only a minor role in the generation of electricity (< 1%). 
Currently no nuclear energy is used in Cuba. 
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6. Sustainable Development 
 
This chapter analyzes human development in Cuba between 1970 and 2003, evaluating the 
material flow indicators DE and DMC in relation to the HDI and the ecological footprint in a 
global context. 
 
6.1. Human Development  
The HDI was taken as an indicator for measuring aspects of overall life standard and 
wellbeing. It combines measures of life expectancy, school enrollment, literacy and income, 
and allows a broader view of a country’s development rather than using GDP alone.  
 
The Cuban human development index is 0.838 (UNDP, 2007). Thus, Cuba is in the range of 
most high-income nations. Between 1970 and 2003 Cuba achieved especially high scores in 
the education and longevity indices (>0.8) at a medium scale income index (0.6-0.8) (Tab. 
28). 
 
Tab. 28: Human Development and Partial Indices  
 1970 1975 1980 1985 1990 1995 2000 2003 
Life Expectancy Index 
0.753 0.802 0.817 0.827 0.828 0.834 0.850 0.860 
Adult Literacy Rate  
0.973 0.978 0.983 0.988 0.991 0.995 0.999 1.000 
Gross Enrollment rate 
0.866 0.870 0.874 0.879 0.881 0.878 0.881 0.881 
Education Index  
0.938 0.942 0.947 0.951 0.954 0.956 0.959 0.960 
Income Index  
0.635 0.653 0.672 0.734 0.724 0.657 0.691 0.701 
HDI Cuba 
0.775 0.799 0.812 0.837 0.835 0.815 0.833 0.840 
Source: Own calculation  
 
The education index, measuring gross enrollment and adult literacy, lies above average. The 
literacy rate of Cuba compared to other industrialized nations is either same or higher (Cuba: 
99.8%; High-Income OECD: 99.1%). Life expectancy in Cuba (77.7 years) is higher than in 
the rest of Latin America and the Caribbean (72.8 years) rather comparable to high-income 
nations (U.S.: 77.9 years) (UNDP, 2007). 
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It is remarkable that despite poor economic performance, affected by periodical supply 
bottlenecks, a severe financial crisis and a trade embargo, Cuba features high human 
development. These achievements are above all the result of a widespread welfare regime, 
which ensures all-embracing social services for the entire population. Free health care and 
educational system as well as general child care, an old age pension scheme, unemployment 
support and facilities for a reasonable livelihood (Bertelsmann-Stiftung 2003) have without 
any doubt positively influenced the education and life expectancy index.  
 
Due to its good overall performance in these categories, the HDI directly reflects the GDP’s 
trend, indicating that despite high HDI, human development in Cuba was strongly influenced 
by economic growth (Fig. 36). That also shows how strong the human development concept 
is based on economic parameters. 
 
Fig. 36: DMC, GDP and HDI  
 
Source: Own calculation 
 
Since the HDI reflects the development of the GDP, the same applies for the relation of HDI 
and DMC as for the relationship of GDP and DMC. It evidences the interlinkage of material 
flows, human development and economic growth. An analysis of the health care and 
educational partial indices, however, yields a different result (Fig. 37). The health care sector 
and the educational system developed quite independently from income and material 
consumption. School enrollment and literacy standards moved forward on a continuously 
high level. Overall life expectancy even increased in these thirty years. 
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Fig. 37: Human Development Indicators and Domestic Material Consumption 
 
Source: Own calculation 
 
Whilst human development and economic growth during the 1970s and 1980s by comparison 
are closely connected with material use, an intensified absolute decoupling of material 
consumption and human development took place from the 1990s onwards. 
 
6.2. International Comparison  
In a study published by Moran et al. (2008) two different indicators were brought together for 
measuring sustainable development. The HDI was used for measuring overall dimensions of 
human development and wellbeing, and the ecological footprint was used as an indicator for 
sustainable consumption (Moran et al., 2008). According to this study, Cuba is the only 
country that met both criteria for sustainable development with a HDI greater than 0.8 and a 
footprint to biocapacity ratio lower than 1 earth equivalent; it is one out of 33 countries with 
an HDI greater than 0.8 that decreased its ecological footprint to biocapacity ratio between 
1975 and 2003, while all other high-income countries showed the opposite trend (Moran et 
al., 2008). Thus, according to these criteria, Cuba is the only country surveyed that can be 
considered sustainable with a consumption pattern that could be expanded globally without 
overstressing the regenerative capacity of the planet.  
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According to the ecological footprint Cuba is sustainable, according to the HDI it features 
high human development. On the other hand low national income and material consumption 
(low GDP and low DMC) indicate poor economic and material status, especially after the 
collapse in 1989. In the case of Cuba, the low ecological footprint is mainly the result of low 
fossil fuel consumption. Thus, the low EF and DMC after 1989 had less to do with 
sustainable development than with the collapsing economy and is, just as the MFA showed, 
mainly linked to low availability of energy and the strong decrease of material consumption.  
 
The decreasing footprint to biocapacity ratio in Cuba between 1975 and 2003 reflects the 
trend of declining material intensity, which decreased from 11.5 kg/USD to 3.5 kg/ USD in 
the same period of time. Rapidly declining material consumption and material intensity after 
1989 were mainly the expression of material shortage, caused by an economic crisis and 
supply bottlenecks, indicating considerable pressures on the Cuban population. In addition, an 
economic embargo does not allow the compensation of the naturally limited capacity of 
resources through trade, which complicates the supply with food and raw materials.  
 
In this context, the question arises in how far declining/stagnant DMC along with increasing 
GDP affected the well-being of the Cuban society, and whether the HDI and ecological 
footprint are appropriate measures for indicating standard of living and sustainability, because 
these indicators do not take into account social and political issues associated with individual 
rights, e.g. personal freedom, political participation, self-determination, decision-making 
processes, realization opportunities, earning capabilities or inequalities. Probably quality of 
life was adversely affected in the period after 1989 due to limited access to some basic 
services, e.g. restricted access to electricity and energy, and limited availability of consumer 
goods especially in rural areas, etc. 
 
Table 29 lists MFA derived indicators, HDI and ecological footprint in a country comparison 
with Mexico. 
 
Material productivity is higher in Mexico than in Cuba (by factor 2). That shows that less 
resources were needed in Mexico for generating one unit of GDP. In terms of capita, domestic 
extraction and material consumption are higher in Mexico than in Cuba (DE by 27%, DMC 
by 17%), whereas DE and DMC per unit of land area are higher in Cuba (DE by 28%, DMC 
by 45%). Although per capita material consumption is lower in Cuba, the DMC per land unit, 
National Material Flow Analysis: Cuba  Susanna Eisenhut 
 92
taken as a pressure indicator, indicates comparatively high pressures on the natural 
environment. 
  
The ecological footprint is 40% smaller in Cuba than in Mexico, the footprint of which 
amounts to 2.6 gha/cap and thus lies above the globally available biocapacity. 
 
Tab. 29: HDI, Ecological Footprint and Mass Indicators 
Indicator Unit Cuba Mexico 
HDI ** 
Index 0.838 0.829 
DE* 
t/cap/yr 8.2 11.2 
t/ha 8.4 6.0 
DMC* 
t/cap/yr 8.9 10.7 
t/ha 9.1 5.0 
Material Intensity* 
kg/USD 3.5 1.9 
Ecological Footprint* 
gha/cap 1.5 2.6 
Biocapacity* 
gha/cap 0.9 1.7 
 Footprint to Global Biocapacity Ratio* 
earth equivalent(s) 0.8 1.4 
*2003 **2005 
Source: Moran et al. (2008), WWF (2006), UNDP (2007), Gonzalez-Martinez, A.C., Schandl, 
H. (2008) 
Although Cuba’s ecological footprint amounts to 1.5 gha/person (2003) and thus lies beneath 
the globally available biocapacity of 1.8 gha/cap, it exceeds its own resource capacity since in 
theory only 0.9 gha/cap are available for securing Cuba´s consumption (Living Planet Report, 
2006). This image also reflects the relatively high level of domestic material consumption and 
domestic extraction on an international scale. High material consumption, which is above all 
determined by extensive sugar cane production points to Cuba’s traditional specialization in 
export-oriented and material intensive sectors of the extractive industry.  
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7. Summary 
 
The Cuban physical economy is specialized in the production of agricultural and mineral raw 
materials destined for export, mainly sugar cane and nickel. In terms of mass weight nickel 
ores are of minor importance, whereas sugar cane substantially determined the Cuban 
metabolism, comprising 56% of biomass extraction and 95% of all biomass exports between 
1970 and 2003. Thus, biomass dominated the material balance, accounting for 70% of 
domestic extraction and for 60%-90% of all physical exports between 1970 and 2003. On the 
input side, Cuba is highly dependent on fossil fuel imports, mainly crude oil and oil products, 
comprising 70% of all physical imports.  
 
The development of the Cuban physical economy follows the flow of a sinus curve and is 
divided in three phases: growth (1970-1989), collapse (1989-1993), recovery (1993-2003). 
Most material flows, economic and biophysical indicators follow these phases: HDI, GDP, 
DMC, DE and PTB, feature dynamic growth and a high level (1970-1989), and medium 
growth at an overall lower level (1993-2003) after the collapse in 1989.  
 
DE and DMC are strongly influenced by large amounts of extracted biomass (70%) and 
construction minerals (20%). While the DMC correlates with GDP during the period of 
growth (1970-1989), increasing decoupling of material use and economic growth is observed 
from the period of 1993 to 2003. Material intensity is constantly declining due to relative 
dematerialization between 1970 and 2003. The dynamics and dimension of PTB is strongly 
influenced by fossil fuel imports and less by sugar exports.  
 
Accelerated social, economic and industrial development in conjunction with massive crude 
oil imports and huge amounts of extracted sugar cane is significant for the 1970-1989 period. 
The development strategy of the 1970s and the 1980s focused on material intensive activities 
for financing development. Sugar exports which generated income prior to 1989, were in part 
traded off directly against crude oil with the former USSR (Lippmann et al., 1997). The 
USSR trade relations had direct consequences on the physical economy. The membership in 
COMECON, financial support and investments in the basic industry encouraged an industrial/ 
agricultural development strategy based on the export of nickel and sugar cane. Intensive land 
use and high inputs of energy fuels, pesticides and fertilizers and associated environmental 
pressures are typical in that period.  
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The economic/biophysical collapse in 1989 marked a radical point of change in socio-
economic and environmental terms and introduced a phase of reorientation. The collapse of 
the former USSR meant a loss of important trading partners and export markets, the absence 
of credits, investments and long-term contracts. The economic crisis in the early 1990s 
affected the development of most material flows, economic and physical indicators. It 
provoked a structural change in the metabolic profile and the energy system of the Cuban 
physical economy.  
 
Sugar cane extraction and crude oil imports were reduced, while the domestic extraction of 
nickel doubled after 1989 (Fig. 38). Declining sugar cane production in the 1993-2003 period 
was the result of both, reduced harvest area and reduced sugar yield as a consequence of 
efficiency losses, energy shortages, lacking investments and declining inputs in agriculture. 
Nickel extraction, most of which is destined for export increased significantly from the mid 
1990s mainly due to rising liberalization and foreign investments. Crude oil imports declined 
sharply after 1989 in favour of growing domestic extraction of crude oil with the aid of 
foreign direct investment and increased energy recovery from sugar cane by-products. The 
Cuban development scheme after 1989 focused on commercial opening and foreign 
investments in the petroleum and nickel industry in order to overcome maintenance problems 
and energy shortages. Issues relating to the domestic extraction of nickel and crude oil, the 
effect of foreign direct investments, environmental contamination and health hazards need to 
be further examined.  
Fig. 38: ickel, Sugar Cane and Oil  
 
Source: Own calculation based on FAO (2004), IEA (2002) and USGS (2006) 
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Before 1989 sugar was Cuba´s strategic export commodity, followed by nickel. After 1989, 
tourism replaced sugar cane as the principal source of foreign currency. Tourism created an 
internal market of foreign currency attracting investments for modernizing and restructuring 
segments of the nickel industry (Monreal, 2003). Nickel substituted sugar cane as the most 
important income generating raw material. Currently nickel is Cuba´s largest export earner. In 
2007, the revenues generated by the nickel industry surpassed tourism as a major source of 
foreign currency (Washington Post, 2008). In the nineties, tourism, nickel, sugar and family 
remittances became the largest sources of hard currency (Torres, 1996). 
 
After 1993, material flows and MFA derived indicators recovered and developed on an 
overall lower level compared to the 1970s and 1980s. Energy use (except electricity and 
natural gas) and material use (except nickel and citrus fruit) stabilized below the level of 
1989.  
 
In the 1993-2003 period two strategies were pursued: the development of the service sector 
(tourism, biotechnology, pharmaceutical industry) and the utilisation of natural resources 
(nickel, sugar cane) for social and economic development. After 1993 a growing service 
sector, lower material use and a continuous relative decoupling of material consumption 
(DMC), economic growth (GDP) and human development (HDI) respectively were observed. 
Increasing dematerialization of the economy in that time was mainly the result of accelerated 
economic growth along with stable material consumption. Stagnant material consumption in 
the 1990s needs to be interpreted as an expression of material shortage and eventually 
decreased the wellbeing of society during the economic crisis. Further studies need to be 
conducted on the biophysical side of services (tourism) in terms of energy intensity and 
material use.  
 
As the only country in the world, Cuba achieved high human development and an ecological 
footprint below the globally available biocapacity. From a material flow perspective, the low 
ecological footprint appears to be the result of the economic crisis and energy shortage during 
the 1990s. There is no easy answer to the question whether the Cuban development model is 
sustainable or not, since one criteria of sustainable development is social acceptability.  
 
An agricultural development model based on extractive activities, intensive in material, does 
not offer an expansion potential for the future. The traditional specialization in raw material 
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export would increase social metabolism and encounter natural limits (due to limited land 
area for food and energy production and finite mineral deposits). In addition, the export of 
cash crops would increase the vulnerability to the fluctuations of the global economy. High 
environmental costs and diminishing returns due to low price elasticity and falling commodity 
terms of trade for raw materials on the global market need to be considered (Raffer, 2002).  
 
Cuba could specialize in service sectors of comparative advantage linked with medicine, 
biotechnology and the pharmaceutical industry for the creation of new income sources. A 
selective and moderate opening of its economy should happen in line with environmental 
standards designed for the protection of its natural resources and ecosystems. Government 
regulation could help to support the allocation of natural resources and monitor the level of 
material consumption.  
 
The Cuban example shows how closely the functioning of economy is linked to land, energy 
and material use, and vice versa how material use follows economic development. Cuba has 
learned to manage limited land and energy sources, developing emergency strategies and 
sustainability measures in order to survive under economically deficient conditions. The 
Cuban case study is a deconstruction of the predominant Western development model based 
on energy and material-intensive economic growth.  
 
Sustainable energy and material use is the base of every powerful economy. Clean 
environment and resource availability are thresholds to social and economic development, 
since there is no substitute for biodiversity and the functioning of ecosystems. I hope that 
social, ecological and economic principles will guide Cuba on its path towards further 
sustainable development in the future. 
 
 
 
 
 
 
 
 
 
National Material Flow Analysis: Cuba  Susanna Eisenhut 
 97
8. References  
 
Literature 
 
Almazan, O., Gonzales, L., Galvez, L. (1998): Sugar Cane, its By-Products and Co-Products. 
Maurice Pautrau memorial lecture. Food and Agricultural Research Council, Réduit, 
Mauritius, 13 pages 
 
Aguilera-Corrales, Y., Körner, I., Saborit-Sanchez, I. (2005): Solid Waste Management in 
Cuba under Special Consideration of Composting. Institute for Technology and Applied 
Science Havana, Hamburg University of Technology, Tenth International Waste Management 
and Landfill Symposium, Cagliari, October 2005, 9 pages 
 
Álvarez Gonzáles, E. (1995) La Apertura Externa Cubana. In: Cuba: Investigación 
Económica, 1 (nr. 1), January-March, Havana, 1995 
 
Álvarez Gonzáles, E. (1998): Cuba: Un Modelo de Desarollo con Justicia Social. In: Cuba: 
Investigación Económica, 4 (nr. 2), April-June, Havana 1998 
 
Ashok, D.; Bacon, G., Osborne, R. (2004): The Past and Futrue of ickel Laterites, PDAC 
International Convention Trade Show and Investors Exchange, Inco Ltd. March 2004, 
Ontario, 27 pages 
 
Babun, T. (1997): Cuba´s Cement Industry. Cuba in Transition. American Society of Civil 
Engineers (ASCE). Online (8.11.2007): 
http://lanic.utexas.edu/la/cb/cuba/asce/cuba7/Babun.pdf  
 
Becker, J.; Heinz, R.; Imhof, K.; Küblböck, K.; Manzenreiter, W. (Eds..) (2003): Geld, 
Macht, Krise. Finanzmärkte und neoliberale Herrschaft, Südwind Verlag, Wien, 255 pages 
 
Bermúdez-Lugo, Omayra (2004): The Mineral Industry of Cuba, , in: U.S. Geological Survey 
Minerals Yearbook 2004, U.S. Geological Survey, Online (20.1.2007): 
http://minerals.usgs.gov/minerals/pubs/country/2004/cumyb04.xls 
 
Bringezu, S., Fischer-Kowalski, M., Klejn, R., Palm V. (eds.) (1998) The ConAccount 
Agenda: The Concerted Action on Material Flow Analysis and its Research&Development 
Agenda. Wuppertal Special 8, Wuppertal Institute for Climate, Environment and Energy, 
Science Center North-Rhine Westphalia 
 
Eisenmenger, N., Krausmann, F., Kratochvil, R., Baart, I., Colard, A., Ehgartner, C., 
Eichinger, M., Gilles, H., Lehrner, A., Müllauer, R., Nourbakhch-Sabet, R., Paler, M., Patsch, 
B., Rieder, F., Schembera, Ev., Schieder, W., Schmiedl, C., Schwarzlmüller, E., Stadler, W., 
Wirl, C., Zandl, S., Zika, M. (2005): Materialflüsse in den USA, Saudi Arabien und der 
Schweiz. Social Ecology working paper 74, Iff, Institute for Social Ecology, Vienna, 63 pages 
 
Eurostat (2001): Economy-wide Material Flow Accounts and Derived Indicators. A 
Methodological Guide. European Commission, Office for Official Publications of the 
European Communities, Luxembourg, 92 pages  
 
National Material Flow Analysis: Cuba  Susanna Eisenhut 
 98
Funes Monzote, R. (2004): De bosque a sabana. Azucar, Deforestacion y Medio Ambiente en 
Cuba (1492-1926), Siglo Veintiuno Editores, Mexico, 470 pages 
 
Gaese, H; Schmidt, C. (2002): Problems and Perspectives of the Development in Cuba. In: 
Technology Resource Management & Development - Scientific Contributions for Sustainable 
Development, Vol. 1., pages 18-30, Institute of Technology in the Tropics (eds.), Cologne 
2002 Online: http://www.tt.fh-koeln.de/publications/ittpub300102.pdf (16.3.2008) 
 
Georgescu-Roegen, N. (1999): The Entropy Law and the Economic Process.ToExcel, 
Harvard University Press, Cambridge/London, 457 pages 
 
Gonzalez-Martinez, C.A., Schandl, H.(2008): The Biophysical Perspective of A Middle 
Income Economy: Material Flows in Mexiko. Ecological Economics 68(1-2), p. 317-327  
 
Krausmann, F., Fischer-Kowalski, M., Schandl, H., Eisenmenger, N. (2008a): The Global 
Socio-Metabolic Transition: Past and Present Metabolic Profiles and Their Future 
Trajectories. In: Industrial Ecology 12(5), in print  
 
Krausmann, F., Erb K.H., Gingrich, S., Lauk, C., Haberl, H. (2008b): Global Patterns of 
Socioeconomic Biomass Flows in the Year 2000: A Comprehensive Assessment of Supply, 
Consumption and Constraints. In: Ecological Economics 65 (3), p. 471-487  
 
Lippman, R., Hawthorne, W., Stone, L., Duncan, C. (1997): Renewable Energy Development 
in Cuba. Sustainability responds to Economic Crisis. National Center for Appropriate 
Technology, Seattle 1997. Online (27.10.2007): 
http://tlent.home.igc.org/renewable%20energy%20in%20cuba.html  
 
Mesa-Lago, C. (2005): Social and Economic Problems in Cuba During the Crisis and 
Subsequent Recovery. CEPAL Review 86, August 2005, Santiago de Chile, pages 177-199 
 
Monreal, P. (2003): Cuba y la Opcion Global: Replanteando el Problema del Desarollo. In: 
Cuba: Los Retos del Futuro. Humboldt University, New School University New York, Berlin, 
October 2003, pages 188-206 
 
Moran, D., Wackernagel M., Kitzes, J.A., Goldfinger, S.H. Boutaud A. (2008): Measuring 
Sustainable Development – ation by ation. Ecological Economics, vol. 64(3), pages 470-
474 
 
Perez, D., Lopez, I., Berdellans, I. (2005): Cuba. In: Energy Indicators for Sustainable 
Development: Country Studies on Brazil, Cuba, Lithuania, Mexico, Russian Federation, 
Slovakia and Thailand. United Nations Division of Sustainable Development 2005, pages 83-
127. Online (2.7.2008): http://www.un.org/esa/sustdev/publications/energy_indicators/ 
 
Perez, R. (1992): Integration of Livestock in the Sugarcane Industry in Cuba. on behalf of 
United Nations Food and Agriculture Organization, Sugar Ministry, Havana 1992. Online 
(27.10.07) http://www.fao.org/AG/AGAINFO/resources/documents/frg/conf96htm/perez.htm 
 
Preston, R.T. (1995): Tropical Animal Feeding. A Manual for Research Workers. FAO 
Animal Production and Health Paper 126, Food and Agriculture Organization of the United 
Nations, Rome, 283 pages 
 
National Material Flow Analysis: Cuba  Susanna Eisenhut 
 99
Quiroz, R.A., Pezo, D.A., Rearte, D.H., San Martin, F. (1997): Dynamics of Feed Resources 
in Mixed Farming Systems of Latin America. In: Crop Residues in Sustainable 
Crop/Livestock Farming Systems. Renard, C. (ed.), CAB International. Oxon, New York, 
pages 149-181 
 
Rabchevsky, G.A.(1994): The Mineral Industry of Cuba, in: U.S. Geological Survey Minerals 
Information, p.235-247, U.S. Geological Survey, 1994, Online (20.1.2007): 
http://minerals.usgs.gov/minerals/pubs/country/1994/9509094.pdf 
 
Raffer, K., Singer, H.W. (2001): The Economic orth-South Divide. Six Decades of Unequal 
Development. Edwart Elgar, Cheltenham/Northampton 2001, 293 pages 
 
Schandl, H., Grünbühel C., Haberl, H., Weisz, H. (2002): Handbook of Physical Accounting. 
Measuring Biophysical Dimensions of Socio-Economic Activities. MFA-EFA-HAPP. Social 
Ecology working paper 73. Iff, Institue for Social Ecology. Vienna, 47 pages 
 
Torres, I.E.(1995): The Mineral Industry of Cuba, , in: U.S. Geological Survey Minerals 
Information, U.S. Geological Survey, 1995 Online (20.1.2007): 
http://minerals.usgs.gov/minerals/pubs/country/1995/9509095.pdf 
 
Valdes Delgado, A., De Armas Casanova, C. (2001): Sugar Processing and By-Products of 
the Sugar Industry. FAO Agricultural Services Bulletin 144, Food and Agriculture 
Organization of the United Nations, Rome, 132 pages 
 
Villanueva, Perez O.(2002): Cuba. An Overview of Foreign Direct Investment. Center for the 
Study of the Cuban Economy, University Havana, February 2002, 28 pages  
 
World Commission on Environment and Development (1987): Our Common Future: Report 
of the World Commission on Environment and Development. (A/42/427) Online: 
http://www.un-documents.net/wced-ocf.htm (3.6.2008) 
 
Weisz, H., Krausmann, F., Amann, C., Eisenmenger, N., Erb, K.H., Hubacek, K., and 
Fischer-Kowalski,M., (2006) The Physical Economy of the European Union: Cross-country 
Comparison and Determinants of Material Consumption, Ecological Economics, vol. 58 (4), 
pages 676-698 
 
Weisz, H., Krausmann, F., Eisenmenger, N. Schütz, H., Haas, W., Schaffartzik, A. (2007): 
Economy-wide Material Flow Accounting. A Compilation Guide. on behalf of Eurostat and 
the European Commission, Iff, Institute for Social Ecology Vienna, 102 pages 
 
Wirsenius, S. (2000): Human Use of Land and Organic Materials. Modeling the Turnover of 
Biomass in the Global Food System. Chalmers University of Technology and Göteborg 
University, Göteborg, 255 pages 
 
 
Web Sites 
 
International Nickel Study Group (2008) Online (18.4.2008) 
http://www.insg.org/prodnickel.aspx 
 
 
National Material Flow Analysis: Cuba  Susanna Eisenhut 
 100
Washington Post (2008) U.S.-Cuba Relations. By Stephanie Hanson. February 26, 2008 
Online (6.6.2008) 
http://www.washingtonpost.com/wpdyn/content/article/2008/02/26/AR2008022601870_pf.ht
ml 
 
Reuters (2008): Cuba says ickel now Top Foreign Exchange Earner. By John Picinich, 
January 15, 2008. Online (6.6.2008) 
http://uk.reuters.com/article/marketsNewsUS/idUKN1549852520080115  
 
Bertelsmann Stiftung (2003): Cuba. Online (20.5.2008) http://www.bertelsmann-
transformation-index.de 
 
Österreichisch Kubanische Gesellschaft (2008): Zusammenarbeit mit China vertieft. By Leo 
Burghardt. Cuba Sí Online (22.5.2008) http://www.cuba.or.at/index.php?tdid=324 
 
 
Databases and Statistical Sources 
 
OE  Anuario Estadistico de Cuba (1989), (1998), (2005) 
 
USGS U.S. Geological Survey International Mineral Statistics and Information 
 http://minerals.usgs.gov/minerals/pubs/country/latin.html#cu (10/2006) 
 
 U.S. Geological Survey Fact Sheets on the Cuban Mineral Industry: 
 http://minerals.usgs.gov/minerals/pubs/country/1994/9509094.pdf 
 http://minerals.usgs.gov/minerals/pubs/country/1996/9509096.pdf 
 http://minerals.usgs.gov/minerals/pubs/country/2000/9524000.pdf 
 
U United Nations National Accounts Main Aggregates Database.  
 Online: http://unstats.un.org/unsd/snaama/Introduction.asp (01/2008) 
  
 United Nations Industrial Commodity Production Statistics Database  
 CD-ROM Edition 2004 
 
 United Nations Commodity Trade Statistics Database 
 Online: http://comtrade.un.org/ (01/2008) 
 
 United Nations Food and Agriculture Organization Statistics Database  
 CD-ROM Edition 2004  
 
IEA International Energy Agency Energy Statistics and Balances of Non-OECD 
 Countries, CD-ROM Edition 2002 
  
World Bank  World Development Indicators Database  
  CD-ROM Edition 2007 
 
IRS  International Road Society World Road Statistics Year Book 1994 
 
Schroeder, S. (1982): Cuba: A Handbook of Historical Statistics. A Reference Publication in 
International Historical Statistics. G. K. Hall, Boston 1982, 470 pages  
 
National Material Flow Analysis: Cuba  Susanna Eisenhut 
 101
WWF (2006) Living Planet Report 2006. published by World Wildlife Fund, Copyright ZSL, 
Global Footprint Network, Hails, C. (ed.), Gland, 42 pages 
 
UNDP (2003) Human Development Report 2003. Millennium Development Goals: A 
Compact among ations to end Human Poverty. published for the United Nations 
Development Programme, Oxford University Press, New York, 368 pages 
 
UNDP (2007) Human Development Report 2007. Fighting Climate Change – Human 
Solidarity in a Divided World. published for the United Nations Development Programme, 
Palgrave Macmillan, Hampshire, New York, 384 pages 
 
CIA (2007): The World Factbook 2007. Cuba. Online (19.01.2007): 
https://www.cia.gov/cia/publications/factbook/geos/cu.html  
 
Personal Communication 
Krausmann, F. (10/2007), Institute for Social Ecology, Vienna 
Eisenmenger, N. (12/2007), Institute for Social Ecology, Vienna 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
National Material Flow Analysis: Cuba  Susanna Eisenhut 
 102
List of Abbreviations 
Au Gold 
COMECON Council for Mutual Economic Assistance 
MFA material flow analysis/material flow accounting 
GDP gross domestic product 
DE domestic extraction 
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t, m.t. ton (s), metric tonne (s) 
MJ mega joule 
m
3
 solid cubic meter 
kg kilogram(s) 
km kilometer 
km
2
 square kilometer 
ha hectar(s) 
% percent 
yr year 
mos. month(s) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
National Material Flow Analysis: Cuba  Susanna Eisenhut 
 104
9.  Annex 
9.1. Cuba Country Facts 
 
 
Country ame: Republica de Cuba (Republic of Cuba) 
Capital: La Habana (Havana) 
Location: 21.30 N, 80.00 W 
Island in the Antil Archipel located between the Caribbean Sea and the North Atlantic Ocean 
Land Area: 110,860 km
2
  
Climate: Tropical, moderated by trade winds, dry season (November to April), rainy season 
(May-October) 
 
Government type: Socialist 
Independence: 20 May 1902 (from the US), 10 December 1898 (from Spain)  
Constitution: 24 February 1976, amended July 1992 and June 2002 
Currency:  Peso Cubano (CUP), Peso Convertible (CUC) 
 
Population: 11,423,952 
Language: Spanish 
Ethnic groups: Mulatto (51%), White (37%), Black (11%), Chinese (1%) 
Religions: nominally 85% Roman Catholic; Protestants, Jehovah´s Witnesses, Jews and 
Santeria 
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International organization participation: ACP, FAO, G-77, IAEA, ICAO, ICC, ICRM, 
IFAD, IFRCS, IHO, ILO,IMO, Interpol, IOC; IOM (observer), IPU, ISO; ITU, LAES, LAIA, 
NAM, OAS (excluded from formal participation since 1962), OPANAL, OPCW; PCA, UN, 
UNCTAD, UNESCO, UNIDO,UPU,WCL, WCO, WFTU,WHO,WIPO, WMO, WTO 
 
International Environmental Agreements:  
Signed and ratified: Antarctic Treaty, Biodiversity, Climate Change-Kyoto Protocol, 
Desertification, Endangered Species, Environmental Modification, Hazardous Wastes, Law of 
the Sea, Marine Dumping, Ozone Layer Protection, Ship Pollution, Wetlands 
Signed but not ratified: Marine Life Conservation (source: CIA 2007) 
 
9.2. Social Indicators 
A country comparison was chosen using specific social indicators in order to provide 
reference values and to discuss Cuba’s performance in selected social spheres (health, 
education, economy, human development, security, science, environment, transport and 
communication) in a global context. The United States of America was selected 
representative for any industrialized, high-income nation and could theoretically be replaced 
by any other country of this group. 
 
Country data on Cuba and the United States comes from the World Bank (2007), CIA (2007), 
UNDP (2007), the U.S. Disaster Center (2007) and the U.S Bureau of Justice Statistics (2007)  
 
The Republic of Cuba is a small island state located in the Antil Archipel, 150 km south of 
Key West, Florida. Its land area is 110,860 km
2
, comprising mainly flat to rolling plains, with 
rugged hills and mountains in the southeast. Its climate is tropical with a dry season from 
November to April and a rainy season from May to October. Cuba has a total population of 
11.4 million inhabitants, growing 0.25% per year and a relatively high population density of 
103 inhabitants per square kilometer (CIA 2008). Cuba is one of the last Socialist countries in 
the world. Its average national income amounts to 6,000 USD PPP/cap, and lies far below the 
income level of fully industrialized countries. Nevertheless it ranks among the top countries 
in the world regarding social and ecological parameters.  
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As far as economic performance and standard of living are concerned, the USA clearly 
outmatches Cuba. The national per capita income in the United States is a multiple of the one 
in Cuba whilst the Cuban economy is growing faster than the American one. Likewise the 
USA has a lead in the R&D, transport and telecommunication sectors. Investment for R&D in 
the USA is four times as high. By comparison, in the U.S. there are nearly 50 times more 
Internet Users, 14 times more telephone extensions and 30 times more PCs than in Cuba.  
 
In regard to health, education, environment and security, Cuba shows an overall better 
performance. Despite its lower economic performance, the Cuban state spends a higher share 
of GDP for education and health than the US government. In Cuba, investments devoted to 
the educational system are higher, the combined primary and secondary enrollment rate is 
somewhat higher and the illiteracy rate is below the American one. Overall security is higher 
in Cuba due to a relatively high mortality and high theft rate in the USA. Thanks to its 
ubiquitous health care, Cuba has more hospital beds available per citizen, more births in 
attendance of skilled health staff, less stillbirths, lower child mortality and a higher child 
immunization rate. Generally, Cuba shows sustainable energy consumption patterns and low 
per-capita emissions. In the USA, per capita energy consumption is 8 times higher, per capita 
CO
2
 emissions are almost 9 times as much and the electricity use amounts to a level almost 11 
times higher.  
 
Tab. 30: Social Indicators 
Indicator Year Cuba United States  
 
People: 
Population, total (mio. cap): 2008*** 11.40 303.80 
Life expectancy at birth (years):  2005** 77.70 77.90 
Fertility Rate (births per women): 2005* 1.50 2.05 
Death Rate, crude (per 1,000 cap):  2005* 7.20  8.25 
Mortality, adult male (15-59 yrs. per 1,000 cap): 1999-2005* 121.00 144.00 
Child Malnutrition (% under 5 years):  1999-2005* 4.00 2.00 
 
Security:    
Prison Population (per 100.000 cap): 2005** 487.00 738.00 
Thefts (per 100.000 cap): 1988 ****62.00 *****5,027 
 
Human Development: 
Human Development Index (HDI):  2005** 0.838  0.951 
Life expectancy Index:  0.879 0.881 
Education Index:  0.952 0.971 
Income Index:  0.683 1.000 
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Economy: 
GDP (billion constant 1990 USD): 2005** 38.44 9 276.65 
GDP per capita (PPP constant USD/cap): 2005** 6,000.00 41,890.00 
GDP growth rate (annual %): 2005* 5.40  3.20 
GDP composition by sector: 
Agriculture: 2007*** 21.20 0.90 
Industry:   26.10 20.60 
Services:   68.40  78.50 
Unemployment (% of total labour force): 2002* 3.30 5.80 
 
Education: 
Public Expenditure Education (% of GDP):  1999-2005* 9.80 5.85 
Literacy, total (% of ages 15+):  2005 *99.80  ***99.00 
Gross Enrollment (Primary & Secondary. % of age group):  2005* 98.00 97.00 
 
Health: 
Public Expenditure Health (% of GDP):  1999-2005*  5.50 6.90 
Hospital beds (per 1,000 people):  2003* 4.90 3.30 
Births attended by skilled health staff (% of total):  2004* 100.00 99.00 
Child immunization, measles (% of ages12-23 mos.):  1999-2005* 98.00 93.00 
Child immunization, DPT (% of ages12-23 mos.):  1999-2005* 99.00 96.00 
Infant Mortality Rate (per 1,000 live births): 2004* 6.30 6.70 
Under-five mortality rate (per 1,000<5): 2004* 7.40 7.60 
 
Life Style (Transport and Communication): 
Personal computers (per 1,000 cap):  2005* 26.68 762.15 
Internet users (per 1,000 cap):  2004* 13.34 626.99 
Fixed line and mobile subscribers (per 1,000 cap):  2005* 87.00 1,227.00 
Paved roads (% of total network):  2000* 49.00 59.00 
 
Science: 
Public Expenditure R&D (% of GDP): 2003* 0.65  2.67 
Physicians (per 1,000 people):  2002* 5.91 2.30 
High technology exports (% of manufactured exports):  2000* 21.00 35.00 
 
Environment: 
Deforestation (average annual % ):  1990-2005* -2.10 -0.1 
CO2 Emissions (t/cap):  2005* 2.25 19.90 
Access to improved water source (% of total pop.):  2005* 91.00 100.00 
Access to improved sanitation (% of urban pop.):  2005* 99.00 100.00 
Energy use per capita (kg oil equivalent):  2005* 950.30 7,920.00 
Electricity use per capita (kilowatt-hours): 2005* 1,177.00 13,351.00 
 
 
 
Source: *World Bank (2007) World Development Indicators Database, The Little Data Book 
 **UNDP (2007) Human Development Report  
 ***CIA (2007) The World Factbook 
 ****U.S. Disaster Center (2007)  
 *****U.S Bureau of Justice Statistics (2007) 
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9.3. Domestic Extraction, Import and Export Data 
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